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° POWER ° 
the art of directing the 
great sources of power in Nature for 


the use and convenience of man. —Tredgold 
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Structure designed under direction of Ing. Jose Menendez 


Raymo 1) [] FORGES AN IMPORTANT LINK 


This graceful reinforced concrete bridge spanning the Canimar River in Cuba was 


completed by Raymond ahead of schedule. Hailed as one of the most functionally 





beautiful structures in the Caribbean, the three-span bridge is 115 feet high and has an 
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overall length of 973 feet—a fitting symbol of the wide variety of Raymond activities. 


Constructed for Cuban Comision 


de Fomento Nacional by 
Raymond Concrete Pile Company 
of South America 


a wholly owne ths 


ik ) Concrete Pile Co. 


Raymond 
CONCRETE PILE CO. 


140 CEDAR STREET + NEW YORK 6. N. Y. 








of Comision de Fomento Nacional; Manuel Ray, Resident Engineer 
























Congratulations, 


In another 22 years 


American Society of Civil Engineers! 


we will be celebrating our centennial ! 


Since 1874, Foley Brothers Inc. has been 
in the construction business continu- 
ously. During the past 10 years, approx- 
imately $300 million in projects have 
been completed, including: 


Dams Roads 

Tunnels & Shafts Airfields 

Dry Docks Railroads 

Piers Chemical Plants 
Industrial Developments Powerhouses 
Aircraft Plants Bridges 


Smelters and Concentrators 
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Penrose Avenue Bridge 
Philadelphia, Penna. 











is initia aa i a 
Ruth Shaft—Ely Nevada 
Kennecott Copper Corporation 





Whatever your construction 
challenge world-wide, call in 
Foley Brothers first. 
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Sulphide Plant—Chuquicamata Chile 
Anaconda Copper Mining Company 


ROTHERS, 


INC. 


PLEASANTVILLE, 


NEW YORK 


INTERNATIONAL CONSTRUCTORS 




















Engineered for Maximum Production 
Per Dollar of Investment 


ip of screw washer for coarse material 


“Adding washing equipment to what was already a highly efficient crushing and screen- 
ing plant has made my Austin-Western set-up DOUBLY SUCCESSFUL and PROFITABLE.” 


Pit-run gravel is conveyed to a screen to 
which water has been piped, where stone 
already down to size is removed and 
spouted to the bin. Oversize goes to a jaw 
crusher, and from there is returned by 
conveyor to the screen, closing the circuit. 
Coarse sand is spouted to a screw washer 
where, through controlled water turbu- 
lence, the coarser, heavier material, 
washed clean, settles to the bottom and 
is taken out by the screw. The finer sand, 
together with silt and debris, is held in 
suspension, and goes with the water to a 


Return conveyor provides closed-circuit operation 


Edward Schneider, Elgin, Illinois 


large settling tank where the sand settles §j 
to the bottom. Then, with some of the 
water, it goes to the final washer where 
the fine sand is again thoroughly cleaned. 
As it settles, it is taken out by screw con.) 
veyor. Washed material, from which silt, 
clay and vegetation have been removed, 
always brings TOP prices! 

Whatever your requirement, there’s an 
Austin-Western plant to meet it... @ 
plant that means MORE ROCK for LESS 
MONEY. Why not talk things over with 
our engineering department ? 


View of settling tank and screw washer for fine 


AUSTIN-WESTERN COMPANY : Subsidiary of Baldwin-Lima-Hamilton Corporation - AURORA, ILLINOIS, U.S.A. 
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How Much Water 
Will Your Community Demand 


50 YEARS FROM NOW? 
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Will Your Present Main Water 
Supply Lines Meet This Demand? 


WHO KNOWS ? Your community planners and 
particularly your water engineers are faced with 
this practically unanswerable problem. 

The growth of a city, town or village and the 
water demands that will be made in 10, 20 or 50 
years are extremely hard to predict. 

An interesting example of long-range plan- 
ning is the program for enlarging the water system 
outlined by the Water Department planners and 
engineers of the City of Long Beach. A few years 
ago, realizing that the post-war years would bring 
a tremendous population gain in their area, these 
men planned a water system expansion program 
and went through with it. This expansion program 
for the City of Long Beach has already reached 
multi-million dollar proportions involving impor- 
tant footages of Lock Joint Concrete Cylinder 
Pipe, American Concrete Cylinder Pipe, and Lock 
Joint Prestressed Concrete Cylinder Pipe. 

This long-range type of planning calls for re- 
inforced concrete pressure pipe of superior design 
and lasting quality. The pipe manufactured by this 

48” Prestressed Lock Joint Concrete Company ... four different types of reinforced con- 
Cylinder Pipe, Portion of Pena crete pipe ... is for use in permanent main water 
SARE supply line projects 
LET OUR EXPERIENCE HELP YOU. Our fifty years 
of experience in the design and manufacture of 
reinforced concrete pressure pipe . . . and our con- 
tinuing program of research and development in 
this field. ..are available in helping your com- 
munity plan its water transmission projects wisely 
for the next 50 years, or even more. Furthermore, 
you can depend upon reinforced concrete pressure 
pipe to serve reliably and well for a period of time 
far beyond that for which you can forseeably plan 
today. 













PIPE AND CONSTRUCTION CO. ) 





FOUR PLANTS TO SERVE YOU 
American manotactures four classes of reinforced 


concrete pressure pipe in diameters ranging 
from 12 in. te 12 ft., and for ofl pressures related 
fo modern American water works practice. 
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The Shortest Distance Between Two Profit Points 




















Your air hose spans two profit-making points when you choose 

Gardner-Denver Portable Compressors and Wagon Drills 

for your heavy drilling jobs. You compress air for less 
and use it more efficiently—and you pick 


up extra savings at both ends of your air hose. 


YOU GET DEPENDABLE COMPRESSED AIR YOU DRILL HIGH 
FOR LESS WITH GARDNER-DENVER FOOTAGE EFFICIENTLY 
WATER-COOLED PORTABLES WITH GARDNER-DENVER WAGON DRILLS 


@ Very flexible — easily adjusted for faster hole 
spotting. 

@ Handy controls enable the operator to drill more 

efficiently. 

ititud Powerful automatic blowing keeps the deepest 
ay Sa holes clean—encourages more frequent cleaning 

° High efficiency air cleaners protect against wear. for faster drilling. 

© Deep oil sumps in engine and compressor provide Long steel changes reduce steel handling time. 
positive lubrication on hills. © Write for further information. 


ad Fully water-cooled compressor cylinders assure 
proper lubrication in cold weather—cooler opera- 
tion in hot weather. 


ad Two-stage compression delivers full capacity at 5 


SINCE 1859 


GARDNER-DENVER 


Gardner-Denver Company, Quincy, Illinois 
In Canada: Gardner-Denver Company (Canada), Ltd., Toronto, Ontario 
THE QUALITY LEADER IN COMPRESSORS, PUMPS AND ROCK DRILLS 
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“CATERPILLAR” 





Cecil Field “Beefed up” for Jets 


BIG YELLOW TASK FORCE HELPS CONSTRUCT 


NEW 9,400-FOOT RUNWAYS 


A Navy pilot returning to Cecil Field 
after a year’s absence would notice quite 
a change in the layout of his old Florida 
base. He’d see two new runways, con- 
structed to accommodate present and 
future jet airplanes. Each runway is 
9,400 feet long and 200 feet wide, and 
land is cleared 750 feet from their center 
lines and ends to provide a 50-1 glide 
angle. 


This pair of runways marks the start 
of an expansion program to make Cecil 
Field a master jet field. For the initial 





Good haul roads are the responsibility of this 
“Cat” No. 12 Motor Grader, one of several 
No. 12s on this job. More than 9 out of 10 “Cat” 
Motor Graders ever built are still in use. 





Zooming across sand on big rubber tires, two 
“Cat” DW20s with No. 20 Wagons pass on a 
4,500-foot to 5,000-foot round-trip haul. Each 
unit averages 6 trips per hour with an average 
load of 23 cubic yards 


1,500,000-yard earthmoving project, 
contractor L. G. Defelice & Son, Inc., 
assembled a task force consisting mainly 
of “Caterpillar” units. Strategic use of 
these big yellow machines — tractors, 
wagons, scrapers, dozers and motor 
graders — helped speed construction in 
difficult terrain. Ten big new 275-HP 
DW 20 Tractors with No. 20 Wagons 
bore the brunt of the work. 

In spite of very tough going in sticky 
sand, the DW20 teams came through 
with outstanding performance. Here 


a 


FJ 


Rag EO 


CATERPILLAR TRACTOR 
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ON THE DOUBLE 





Sticky sand is being gobbled into the jaws of 
this “Cat’’ No. 80 Scraper, push-loaded by a 
Ds and No. 8S ‘Dozer. Ejection of heaped sand 
was speeded by the No. 80's high apron lift. 


are some typical figures from this job. 
After being loaded by a belt conveyor 
loader, the DW20 units barreled off 
with average loads of 23 cubic yards 
each. On a 4,500-foot to 5,000-foot 
round-trip haul, each averaged 6 trips 
every hour per 10-hour day. “These 
units far exceeded our expectations,” 
said Project Manager Fred Sebastian. 
“They can’t be beat for power, speed 
and efficiency.” 

“Caterpillar” equipment used on 
other phases of the operation included 
D8s and No. 80 Scrapers on leveling 
work, No. 12 Motor Graders maintain- 
ing haul roads, a D8 pulling a com- 
pactor and other D8s and "Dozers 
leveling fill dirt. Successful contractors 
find that this assignment of heavy-duty 
tools to the zones for which they’re best 
fitted results in higher production at 
lower cost. They also observe that 
standardization on the big yellow line 
pays off other ways. One is the fact 
that maintenance problems are cen- 
tered in the capable hands of the 
nearby “Caterpillar” Dealer. He’s a 
convenient source of service or informa- 
tion at all times! 


CO., PEORIA, ILLINOIS 





ON training solution 
is used on more 
large projects (and many smaller ones) 


throughout the world, because Protex 
concrete is more durable, easier to 


place and more workable. 


always buy... 
Protex 

Vie taligelisliale) 
Solution 


DISTRIBUTED BY Air-Mac, Inc., Seattle, Washington @ Anchorage Sand & Gravel Co., Inc., Anchorage, Alaska @ Arnold Machinery Co., Salt Lake City, Uteh @ O.8 

Kansas City, Missouri @ Buchanan-Rooney Equip. Co Nashville, Tennessee @ Building Specialties Supply, Phoenix, Ariz. @ Butler-Sparks Okiehe ma City 
reveport, Louisiana @ T. S. Cowger ‘Conpeny Helena, Montana, P. L. Crooks & Co., Portland, Oregon @ Crenshaw’s, Fountain City, Tennessee e C. H. Grant Company, Berkeley 
shi, Chuo-Ku, Toky> @ Jones & McKnight, Inc., Chicago 1, Illinois @ LeRoi-Rix Machinery Co., Los Angeles, California @ Lively Equipment Company, E! Paso, Texas, @ Lively Equip 
ey, Puerto Rico @ Metalweld, Inc., Philadelphia, Pennsylvania @ Missouri Valley Industrial Corp., Bismarck, North Dakota @ Ruffridge-Johnson Equip. Co., Minne apo Minn 
diana © Wm. F. Surgi Equipment Corp., New Orleans, La. © Tri-State Engineering Services, Charlotte, North Carolina @ Western Equipment Company, Boise, Idaho @ Western Equip 
©., Saskatoon, Sask., Canada @ Wilson Equipment Company, Cheyenne, Wyoming @ Wilson Equipment Company, Casper, Wyoming @ George P. Williams Company, Cl "land Ohic 
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This is o partial list 
of Protex projects: 


Maornon Knudsen Co, ine. 
Shoshon 


. Wye. 
Boysen Dom. U S Bureow of fed. 
Bohason Winstan-Kiew it Connectors 
fort Gibson, Oblo 
Fort Gibson Dam (g90,000 ds) 
U. S. Corps of Engineer 
“toslon Construction Co. Aime. Memn 
Horton County Dom (430.000 pds 
U. S. Corps of Engineers 
Al John Construction Co 
De. Cole 
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Hungry Horse Dom (3,100,000 pave 
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DLENE LUBRICANTS CO. 
WEST EVANS AVE. 
ER, COLO. 





rush a copy of your Free Booklet, Facts On the Modern Placement of Concrete Through Air 


int. 


Name — —— - a 





——— a State 


© O.8 BAvery Co., St. Louis, Mo. © Bexaire Equipment Co., San Antonio, Texas @ Bound Brook Supply (Commonwealth Concrete Co.), Bound Brook, N. J. © Buchanan Equipment Company 
ma City Qtlanome © Butler-Sparks, Tulse, Oklahoma @ W. C. Caye & Co., Inc., Atlanta, Georgia @ Cia Equipos Mexicanos, S. A., Mexico, D. F. (Equimex) @ Construction Machinery Corp 
Giifornia @ Arthur H. Herris, New Britain, Connecticut @ Industrial Products Co., Richmond, Virginia @ Japan Overseas Commercial Co., Ltd., No. 7, Gofukubashi 3 Chome Nihon 
Equip Bam Company, Albuquerque, New Mexico ©@ Lowe Machinery Company, Chicago, Illinois @ F. W. Lyon Company Hartford, Connecticut @ MacMurray & Company, Inc., Hato} 
‘Minn lebert L. Schmitt Company, Louisville, Kentucky @ Seaber & Aiken, Columbia, South Carolina @ Shepler Equipment Co., Houston, Texas @ Stockberger-Seastrom, Inc., Indianapolis 25,/ 
Equip emt Company, Spokane, Washington © Western Equipment Company, Idaho Falls, Idaho @ Western Tractor & Equip. Co., Regina, Saskatchewan, Canada @ Western Tractor & Equip.| 


nd, Ohio 


x 
= 
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| he bridge that raised itself 





DELAWARE MEMORIAL BRIDGE, Wilmington, 
Delaware is one of the most important bridges 
in the country. It connects with the New 
Jersey Turnpike and shortens the time be- 
tween New York and Washington. It carries 
the four-lane U. S. Route 40 for more than two 
miles between Pennville, New Jersey and New 
Castle, Delaware eliminating a very severe 
bottleneck. Approximately 4,000,000 motor 
vehicles will use the bridge annually. 
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Interesting Facts 


Total length of bridge—10,765 feet 

Length of Main Span—2,150 feet 

Length of each suspended side span—750 feet 

Height of towers above piers 417 feet—about equal to 
height of a 35-story building 

Clearance of main span above water—175 feet 

Size of main wire cables—19%/, inches in diameter 

Size of wire rope suspenders—2 inches in diameter 

Total length of suspenders—56,000 feet 

Estimated weight of superstructure—73,141,500 pounds 

Total estimated cost of bridge—$43,900,000 







































SUSPENDING THE FIRST CABLES. Before any spinning 
of the main suspension cables could begin, four 2-inch 
American Tiger Brand Wire Ropes were strung from 
anchorage to towers and from tower to tower. On these 
were placed Cyclone Chain Link catwalks with wire 
rope railings to provide safe footing for the workmen. 

Next a wire rope tramway system was installed to 
carry the hauling cable for the spinning wheels. The 
photo shows workmen picking the individual wires 
from the spinning wheel to form the main suspension 
cable. The 436 wires in each strand of the main cable 
are, in reality, two continuous wires which are con- 
nected to the anchorage at both ends by means of 
eyebars. The end of the wire from each successive reel 
was spliced to the end of the wire from the next reel 
and the ends of the last pair of wires of the strand were 
spliced to the ends of the first pair. It took 19 of these 
strands to form each of the main cables. 
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its own suspenders va 


OR, HOW U°S’S TIGER BRAND WIRE ROPE 
HELPED TO BUILD AND SUPPORT 


THE WORLD’S 6th LONGEST SUSPENSION BRIDGE 


It’s QUITE A FEAT to build a two-mile long suspension bridge over deep water 
when the towers are as high as a 35-story skyscraper. But it’s even more of a feat to 


use the wire rope suspenders for the original construction cable between towers, then 


take the same wire rope, cut it into proper lengths and use it again for the permanent 
vertical suspenders. It’s like lifting yourself by your bootstraps. The photographs 


show how it was done. 








56,000 FEET OF TIGER BRAND WIRE ROPE SUSPENDERS. 
These two-inch wire rope suspenders were made from the 
rope which was originally used to support the catwalks. 
This unique method of construction saved many thousands 
of dollars on the job. It was originated by the American 
Bridge Division of United States Steel Company and is 
now used in building most suspension bridges of this type. 





BEAUTY IN STEEL. The Delaware Memorial Bridge repre- 
sents the combined efforts of many different divisions of 
the United States Steel Company. The steel for spans and 
towers was made by the United States Steel Company, 
Cables and Wire Rope by American Steel & Wire Division, 
cement by Universal Atlas Cement Division and the bridge 
itself was erected by American Bridge Division. 


AMERICAN STEEL & WIRE DIVISION, UNITED STATES STEEL COMPANY 
GENERAL OFFICES: CLEVELAND, OHIO 
COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO - TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA., SOUTHERN DISTRIGUTORS 
UMITED STATES STEEL EXPORT COMPANY, NEW YORK 


U-S*S AMERICAN TIGER BRAND WIRE ROPE 
Ltcellay Cloormed 
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COMPLETING MORE 





[Today's unprecedented expansion of America’s industrial might has 
created a need for re-examination of dock facilities at all inland river and 


coastal plant locations. 


New dock construction, as well as expansion, repair or alteration to 
existing installations, has long been a principal activity of Dravo’s 
Contracting Division. More than 20 years ago this division began to 
develop and perfect steel sheet pile docks of cellular construction. 


Speed of construction, combined with economy and flexibility, makes this 
method especially desirable for mines, power plants, railroads, manu- 
facturing plants and other industries with river or harbor depots for 
loading and unloading bulk commodities or finished products. 





Bridge Substructure, Washington, D.C. 


10 


Flood Control Dam, Pennsylvania Fresh water aqueduct, New York 
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This type dock consists of a row of cells—continuous or intermittent— 
formed of interlocking steel sheet piling, filled with dredged material 
and capped with concrete. Some of these have extended three-quarters 
of a mile while others may have only one or two cells, depending on the 
magnitude of the handling operation. 


Private and governmental agencies avail themselves of Dravo’s long and 
varied experience in many fields of engineering construction for a variety 
of needs. Dravo is equipped to handle all phases from layout to completed 
project. Your inquiry is invited. 


OF HEAVY ENGINEERING CONSTRUCTION ACHIEVEMENT 


NAVIGATION LOCKS AND DAMS ... COMPLETE BRIDGES . . . DOCKS 


THAN 2,500 PROJ ECTS _.. SHAFTS... INDUSTRIAL FOUNDATIONS .. . TUNNELS . . FLOOD 


CONTROL DAMS .. . BRIDGE SUBSTRUCTURES . . . DREDGING... 
SLOPES .. . INTAKES . .. RETAINING WALLS . . . HARBOR FACILITIES 


SINCE 1948 ALONE, DRAVO HAS BEEN AWARDED 
57 PROJECTS FOR DOCK CONSTRUCTION: 








American Bridge Company Pennsylvania Salt Manufacturing Company 
American Viscose Corporation Pennsylvania Water & Power Company 
Central Appalachian Coal Company Philadelphia Electric Company 
Dravo Corporation and Subsidiaries (6) Pittsburgh Coke & Chemical Company 
Duquesne Light Company (2) Pittsburgh Consolidation Coal Co, 
Esso-Standard Oil Company (3) Powhatan Mining Company (4) 
Freeport Coal Company Standard Oil Company (Obio) 
Gordon Lubricating Company Tennessee Valley Authority 
Great Lakes Carbon Corporation The Cincinnati Gas & Electric Co. 
Gulf Oil Corporation The Neville Company (3) 
Indiana & Michigan Electric Co. (2) The Parkersburg Steel Co. 
Jones & Laughlin Steel Corporation (4) The Pennsylvania Railroad (2) 
Se Peer ati SB Koppers Company, Inc. The Pennzoil Company 
Mathieson Chemical Corporation (2) The Pittsburgh & Lake Erie Railroad 
° -= sD Newport Steel Corporation Union Carbide & Carbon Corporation 
The Contracting Division Nitrogen Division, United States Army 
Allied Chemical & Dye Corporation United States Steel Company 
Neville Island, Pittsburgh 25, Pa. Obie Edison Company Weirton Steel Company (3) 


Wheeling Steel Corporation 





River Intake, Pittsburgh, Pennsylvania Bridge Substructure, Natchez, Mississippi Lock «nd Dam, Morgantown, W. Va. 
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TOP JOB TEAM.... 


HYSTER Tractor Tools and CATERPILLAR Diesel Tractors 


Every Caterpillar-Hyster dealer can tell you about § working together for almost a quarter of a century— 
Hyster tractor equipment...how it works with Cater- he will give you a 16-page cartoon book illustrating 
pillar-built tractors...how this job team has been the many uses for Hyster Tractor Tools. 

























® 
HYSTER HERE ARE FOUR OF MANY WAYS HYSTER TOOLS TEAM 
WITH CATERPILLAR TRACK-TYPE TRACTORS TO SPEED 
TRACTOR TOOLS PRODUCTION AND CUT COSTS FOR ALL TYPES OF 
| ACTION CONTRACTORS. 








AN ALL-AROUND TOOL FOR DRAINAGE WORK Prast SWING, HEAVY-DUTY DIESEL 
THE HYSTAWAY DRAGLINE NOT ONLY EXCAVATE TRACTOR ENGINE POWER PAYS DIVIDENDS 
THE TRENCH, BUT WITH FULL TRACTOR- TYPE IN “THE MINING INDUSTRY WHERE THE 
OSCILLATION ALSO WALKS CULVERT TO THE HYSTAWAY SHOVEL 1S MAKING SMALL 

DITCH, SETS IT, THEN BACKFILLS WITH 
THE TRACTOR DOZER. ¢ 


OPEN-PIT MINING PROFITABLE. 














4 Most powerful half-yard excavator on the market, 
the Hystaway” Excavator-Crane can be a dragline, 
a shovel, a backhoe, o clamshell, or ao piledriver 























mame W'TH BACKHOE ATTACHMENT BECAUSE IT CAN PRODUCTION TOOLS. ON THAT RiP-RAP 
a JOB EACH TRUCK IS WINCHED INTO 
, POSITION FOR UNLOADING. : 


N77 J hain BASEMENT CONTRACTORS Like THE HYSTAWAY | [HYSTER WINCHES ARE VALUABLE 









_ EA DELIVER HIGH EXCAVATING PRODUCTION EVEN IN 
WMNOOUALUE | LUUELUENY CLOSE, CRAMPED QUARTERS. = + —s 
~ ti 


[ 
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JAA Because TAIL SWING IS ELIMINATED the A Hyster tractor winch INSURES against work stop- 
hd a4 | Hystaway can work close to walls, fences, page or down time...RESCUES mud-bogged equip- 
~ ee Z } or other obstructions that make it impracti- ment—PULLS the tractor itself out of mud—provides 
———: * Aall tL 





cal or difficult to use other power shovels. essential TOWING SERVICE to meet any situation. 








Hyster manufactures an extensive line of tractor-mounted and 

tractor-drawn equipment for contractors— included are Winches, | YST Ee R 

2 and 3-Drum Hoists, Grid Roller and the Hystaway Excavator- 

Crane (half-yard Shovel, Backhoe, Dragline, Clamshell, Crane, Cc oO M a A N y 
Pile Driver). Hyster Tractor Tools are sold and serviced by more 

than 700 Caterpillar-Hyster dealer stores. For complete infor- 2999 N. E. CLACKAMAS ST.. .PORTLAND 8, OREGON 
mation, consult your dealer or write for literature. 1899 NORTH ADAMS STREET... .PEORIA 1, ILLINOIS 
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and general sales 
district office of 
International Har- 
vester Company at 
Denver, Colorado. 

















In the three Allied shops, located at 
strategic points, skilled men and 
abundant plant equipment are available 
to fabricate the steel in record time. 

On-location erecting crews know 
how to get the structure up fast. 

Every type of structure, from large 
to small, is an Allied job if fabricated 
structural steel is specified. 

Every time you have such a job, be 
sure tosend your plans and specifications 
to be estimated. 





Gage Structural Stee! Corporation 
@ Midland Structural Stee! Corporation 


Fabricators and erectors of structural steel for highway and railroad bridges; Industrial, office, school, and government buildings; Airport structures; Harbor facilities. 
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ARKANSAS 














Team of IH crawlers clears reservoir 
in the mountains while White River 
backs up behind Bull Shoals Dam 


The minute they closed the new Bull Shoals 
Dam on Arkansas’ White River, water started 
backing up over ground still covered with trees 
and brush. It had to be cleared and cleared 
fast, and one of the crews on the big job was 


Patton Construction Co. 

Patton tackled the steep, overgrown slopes 
with 150 men and six International crawlers 
ranging from TD-18A’s down to a TD-9. Each 
crawler averaged 10 acres cleared a day—‘‘re- 
markable, in this rough Ozark Mountain 
country,’’ says Tractor Foreman Hallie 
Goldsmitt. 


INTERNATIONAL 


And operator W. W. Sloane, adds, ‘‘We go 
up these mountainsides forwards, back- 
wards or sideways—but we go up somehow 
and we get the job done because these 
Internationals have the power.” 

Ask your International Industrial Distribu- 
tor today for details on the whole International 
line of rugged red crawlers. Ask about his serv- 
ice, too—and his complete stock of spare parts 
for any emergency. Get all the answers—and 
put International ‘Power that Pays” to work 
for you! 


INTERNATIONAL HARVESTER COMPANY 
CHICAGO 1, ILLINOIS 





POWER THAT PAYS 





UP comes another TD-18A, hitting fast and hard on a job 
where speed counts in beating the rising waters backing 
up behind the dam to create a new reservoir. 


DOWN the hill goes a TD-18A, and down go the trees that stand 
in its way. International crawlers have what it takes, both in 
sheer dogged power and rugged reliability. 














FOR WATER WORKS MEN: 


UP TO 90,000 GPM CLEAR WATER CAPACITY 


with Wheeler-Economy Horizontally-Split Case 
Double-Suction Centrifugal Pumps 


Wheeler-Economy Double Suction 





FOR SEWAGE MEN: 


Pumps have records of outstanding 
dependability in handling clear water 
or other liquids of low viscosity at 
moderate pumping heads. These 
pumps are of the most modern 
hydraulic design, resulting in high 
operating efficiencies with little main- 
tenance and long life. 

Single stage, double suction, split 
case design in sizes from 144” to 
54”. For detailed features, see CAT- 
ALOG A750. 








“HIGH HEAD’ 


IN A COMPACT PUMP 
Two Stage Type DMD 

Heavy duty, high efficiency with op- 
posed impellers and horizontally split 
case. Sizes 2” to 10” for capacities to 
4,000 GPM and heads to 750 feet 
Wheeler-Economy DMD Pumps are used 
in high head water works applications, 
buildings, hydraulic elevators, boiler 
feeding, mines, etc. See CATALOG 
C351. 











UNSCREENED SEWAGE HANDLED By 
Wheeler-Economy Non-Clog Centrifugal Pumps 


For DRY PIT installations: 


Wheeler-Economy Horizon- 
tal or Vertical Centrifugal 
Sewage Pumps have clear 
waterways from 11” to 
10”. They pump unscreened 
sewage, miscellaneous pulp 
or trash in liquid without 
difficulty. Where sewage is 
screened, Mixed Flow types 
are available for higher 
speed, more economical 
) operation. Sizes to 36”. 








“Sentry” Type vertical pump with motor 
direct connected. For dry pit service, not 
subject to flooding, and to conserve floor 
space. CATALOG F249. 





a 


Horizontal Type for economical instal- 
lation, accessibility and to simplify 
maintenance. CATALOG F447. 


Open Shaft Type vertical 
pump with flexible shafting 
drive from motor. Motor 
located at distance above 
pump to avoid possible 
flooding of electrical equip- 
ment and to conserve pump 
room floor space. CATA- 
LOG F249. 





For WET PIT installations: 


WHEELER-ECONOMY 
Sump Pumps 


Designed in single or duplex 
units to elevate drainage or 
sewage from wet pits, sumps, 
basements, boiler pits, scale 
and elevator pits, etc. Sizes 
from 144” to 3” for drainage 
free from solids. Sizes 3” to 
14”, non-clog type for un- 
screened drainage containing 
solids. Sump cover and con- 
trol arrangements can be sup- 
plied to meet any requirements. 
CATALOG E748 for General 
Service. CATALOG E345 for 
Non-Clog. 








See Your Phone Directory 
or Write Us for Name of 
Nearest Distributor for 
ECONOMY PUMPS, Inc. 
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WHEELER-ECONOMY PUMPS 


ECONOMY PUMPS 


19TH AND LEHIGH, PHILADELPHIA 32 


INC 


DIVISION OF C. H. WHEELER 


MANUFACTURING CO 
PA 
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The Nation's 
General Contractors 
extend heartiest congratulations to 


their associates in construction 


the members of 
The American Society 
ot Civil ingineers 


on the anniversary of its 


100 years of service 











The ASSOCIATED GENERAL CONTRACTORS of AMERICA, Inc 


Representing More Than 6,100 of the Nation’s Leading General Contracting Firms of Proven Skill, Integrity and Responsibility — 
Engaged in the Construction of Buildings, Highways, Railroads, Airports, Public Works, Defense Projects 


NATIONAL HEADQUARTERS, MUNSEY BUILDING, WASHINGTON 4, D. C. 


{merica Progresses Through Construction . . . Construct by Contract! 
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DIGGING A Y) MILE TUNNEL 


4 


ABSOLUTELY DEPENDABLE 








Lidgerwood Shaft Hoists in operation during construction 
of the hydraulic pressure tunnel for Ontario Hydro's 
Sir Adam Beck-Niagara Generating Station No. 2. 


Because the job calls for absolute dependability, 
the contractors are relying on six LIDGERWOOD 
Suart Hoists to raise an estimated 1,200,000 
cubic yards of muck from 16,130 lineal feet of 
the 45’ diameter tunnel. These hoists will raise 
and lower men, equipment, steel and other sup- 
plies, so they must deliver top performance. 
LIDGERWOOD Suart Hoists are a product of 
the 200 years of combined experience of the 
SUPERIOR-LIDGERWOOD-MUNDY CORPORATION. 


For descriptive literature write to: 


Superior—Lidgerwood—Mundy Corporation 


MAIN OFFICE AND WORKS — SUPERIOR, WISCONSIN | 
NEW YORK OFFICE-7 Dey $t., New York 7, N.Y. EXPORT OPMCE—50 Churh Wow ork 7, 1.1 
Coble Atdron — BROSITES, NEW YORK. oe 
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YOU NEED - 


FROM START 70 FINISH 


on any grading or rolling job you need GALION’S proved - 








THREE-WHEEL ROLLERS 
6, 7, 8, 10 and 12 Ton Sizes 
With Cast or Variable Weight 
Ballastable Steel Rolls 
Gasoline or Diesel Engines 


A size and type 
for every need. 










No. 303 MOTOR GRADER 
Medium -Duty, 50 h.p. Diesel Engine 







TANDEM ROLLERS 
Variable Weight -- 5-8, 8-12, 
and 10-14 Ton Sizes 
Gasoline or Diesel Engines 









No. 203 MOTOR GRADER 
Medium Heavy-Duty, 70 h.p. Diesel Engine 










SMALL TANDEM ROLLERS 
Variable Weight -- 3-5 Ton “a , 
Gasoline Engine No. 104 MOTOR GRADER 
y Heavy-Duty, 76 h.p. Diesel Engine 


PORTABLE ROLLER 
Variable Weight - 
7100-9765 Ibs. 
Gasoline Engine 










No. 118 MOTOR GRADER 
Extra Heavy-Duty, 100 h.p. Diesel Engine 


Write for literature on type of equipment in which you are interested 


estasuiskeo 1907 MOTOR GRADERS-ROLLERS 
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Lithographed on stone for U. §. Pipe and Foundry Co. by Jobn A. Noble. A.N.A 


CAST IRON PIPE~so well known for 

its long life and widespread use in community 

water, gas and sewerage systems—also has diversified 
uses in various industries. The volume of water, gas 
and waste handled by many industrial plants is often 
equivalent to that of a good-sized city. 


U. S. cast iron pipe for community or industrial 
service is cast centrifugally in metal molds in sizes 
2-inch to 24-inch with bell-and-spigot, mechanical 

joints or plain ends. All our cast iron pipe larger 

than 24-inch and smaller pipe with flexible or 
integral flange joints are made by the pit cast process. 
With both manufacturing processes modern 

control methods are employed to assure a quality 
product—cast iron pipe that will satisfactorily and 
economically meet your requirements. 


United States Pipe and Foundry Co., 
General Offices, Burlington, N. J. 
Plants and Sales Offices Throughout the U.S. A. 
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Allis-Chalmers HD-20 Tractor 





Exclusive Hydraulic Torque Converter 
Drive is One BIG Reason Why 


The hydraulic torque converter drive, exclusive in the 
Allis-Chalmers HD-20 Tractor, brings you productivity, 
handling ease and dependability that makes every hour, 
every day of the season count . . . gives the operator 
the equivalent of hundreds of gear ratios in two speed 
ranges . . . automatically selects the proper speed for 


maximum production. 


With hydraulic torque converter drive you take 
ful! advantage of available horsepower . . . you'll roll bigger 
loads, tackle tougher dozing jobs. Master clutch engages 
under cushioned protection, yet power is achieved instantly 
with velvet-like smoothness. This means fewer repairs. . . 


longer life of tractor and auxiliary equipment. 






ORIGINATOR OF 





THE TORQUE CONVERTER 





There’s nothing like the HD-20 for sheer 
productive power. Torque converter actually multiplies 


torque up to four and one-half times . . . develops tremen- 
dous drawbar pull to start the load smoothly, and automatic- 
ally accelerates to highest speed conditions permit, in either 
high or low range. 


With full horsepower available even at 
creeping speed, and shifting virtually eliminated, the oper- 
ator can concentrate on his front-end shovel completely . . . 
crowd surely and steadily ... start and stop with a touch 
of the throttle. 


The HD-20 makes smoother contact, auto- 
matically matches speed to pushed equipment, maintains 
steady contact while loading, sends load off to the fill in 
a higher speed. 


Get the full story now from your Allis-Chalmers dealer. 
See why the HD-20 does more work, more easily, at 
less cost . . . and why it is worth waiting for. 


Weight: 41,000 Ib. 
175 Net hp. at flywheel 


TRACTOR 
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In a mechanical sense, the slide rule 
merely adds and subtracts quantities. 
How these simple operations can be 
verformed mechanically may be seen 
— the illustration above, which shows 
the addition of 2 and 3 by means of a 
pair of dividers applied to an ordinary 
6-inch rule. Even many electronic cal- 
culators work basically on this principle. 


With a different system of calibrations 
on the scale, if appropriate meanings are 
assigned to them, more difficult prob- 
lems may be solved in the same way. 
An example of this is seen above where 
a pair of dividers is shown adding 2 
and 3 on a logarithmic scale and ob- 
taining the answer 6. Advantage is 
taken of the fact that the multiplica- 
tion of numbers may be accom tished 


by the addition of their logarithms. 


September 


A handier method, which begins to 
approach the usefulness of a slide rule, 
is to place two similar logarithmic scales 
together. Seen above is the simple set- 
ting in which 2 is shown being multi- 
plied by 3. Observing the illustration it 
can be seen that the same setting also 
multiplies 2 by 2 and 4. Without chang- 
ing the setting, the device shows the 
corresponding operations in division. 
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Problems in plane trigonometry require 
only appropriate logarithmic scales, 
calibrated to read in degrees so that 
operations can be performed on the 
functions of angles. Two scales of this 
kind are generally used: one for the 
sines of angles and the other for tan- 
gents. Above is seen a setting for finding 
16 Sin 68° 
Pes: 


Problems of greater complexity, involv- 
ing higher powers and roots of numbers, 
including fractional and negative powers 
and roots, can also be made as easy as 
2 + 3 by means of appropriate loga- 
rithmic scales. Known as log log scales, 
they are calibrated to read in loga- 
rithms of logarithms. Above is seen a 
setting for Ending P = 1.15 *7, 





The slide rule has been called the symbol of the engineer. The 
symbol that distinguishes the slide rule itself for leadership in 
design and workmanship is the K&E trade mark or the name 
KEUFFEL & ESSER CO. 

Pioneers in the manufacture of slide rules in America, K&E 
have always been in the forefront with new ideas and improve- 
ments. The most recent example is the slide rule of today, the 
K&E Log Log Duplex Decitrig*, designed on the fundamental 
and simple principle of referring all its scales to the basic C-D 
scales. This enables problems involving arithmetic, trigonometric 
and exponential functions to be readily solved without reading 
any but the final answer. 

Ask your K&E Distributor or Branch for full information 
about K&E Slide Rules. 





If you'd like l-o-n-g mileage without 
re-sharpening, get a PARAGON* RED 
TIP ruling pen. They are tipped with tung- 
sten carbide alloy butt-welded to stainless 
steel blades. Ideal for use on aluminum, 
glass cloth and other abrasive surfaces 
as well as on regular paper or cloth. 
identify it by the red tip at the end of 
the handle. 





A good way to make life easier is to give 
your drawing board a glass-smooth, non- 
glare working surface with a covering of 
LAMINENE f. This drawing board backing 
material is washable, hard enough to 
minimize pencil scoring, but yielding 
enough for pencil lines to take well. 
Comes either white or green, in rolls. 


*Trade Mark ® 
tirade Mark 
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CLAY PIPE—ESSENTIAL * ECONOMICAL *« EVERLASTING 
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Multiple-lane highways, 
= — like the one connecting 
a Chanute Field with Ran- 

ay toul, Illinois, are being 
built wherever big, new 
defense installations are 
constructed. Perforated 
Vitrified Clay Pipe pro- 
vides long-lasting, effici- 
ent drainage for these im- 
portant defense arteries. 


€& 
“ 


PROTECT 
ESSENTIAL ROADWAYS 
WITH PERFORATED CLAY PIPE 





America’s roads are worn out! soils, acid ground waters, or any deteriorat- 

Repair and expansion programs are under- ing agent. It stays in place — strong, round, 

way in every state in the Union — getting smooth, safe — guarding essential road- 

highways in shape for the heavy traffic ways ve the newly-important traffic they 
must bear. 


demanded by today’s defense program. 
That’s why Perforated Clay Pipe is so 
important these days . . . it provides the 
only drainage systems that never wear out. 


NATIONAL CLAY PIPE MANUFACTURERS, INC. 
311 High Long Bidg., 5 E. Long St., Columbus 15, Ohio 
703 Ninth & Hill Bldg., Los Angeles 15, Calif. 

100 N. LaSalle St., Rm. 2100, Chicago 2, Ill. 


Roads are only as good as the drainage that 
206 Connally Bidg., Atlante 3, Ga. 


protects them from frost-heave, erosion, and 
weather-damage. And Vitrified Clay is the 
one material that assures permanent pro- 
tection. It can’t be affected by electrolytic 


C-482-? 
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IN CEDAR RAPIDS SINCE 1906 


ASSURES 
OP CAPACITy 





UNIVERSAL 






ENGINEERED 


OVERHEAD ECCENTRIC 


ACTION 









Cutaway Series “WRB” Welded 
Steel Plate Roller Bearing Jaw 
Crushers 





Profit with UNIVERSAL “ 
HERE’S WHY UNIVERSAL JAW CRUSHERS HIGH PRODUCTION BASIC UNITS 


ARE THE MOST EFFICIENT OVERHEAD 


ECCENTRIC JAW CRUSHERS MADE 
Universal’s famous 1-2 action, the original overhead eccen- 
tric action, produces two distinct crushing blows with each 
revolution of the eccentric shaft. One blow at the top of the 


jaws, the other at the bottom. The high overhead eccentric Apron Feeders 
combined with the radial toggle action engineered into each 
Universal jaw crusher provides a downward crowding mo- 
tion resulting in force feed. The steep angle of the toggle 
plate gives more kick to the movable jaw providing an easy 
discharge of material. This is the Universal overhead eccen- 
tric principle which gave Cedar Rapids, lowa, its original 
fame for quality crushers. Hammermills Screens 


The overall design of the Universal jaw crusher produces a X 





Roll Crushers 





better angle of nip, a larger ratio of reduction, a faster dis- 
charge of material, and a long life. You can’t beat a Uni- 
versal for top capacity and guts to stay on the job. 

For top crushing performance buy Universal . . . the in- 
dustry’s first and the industry's finest overhead eccentric 
jaw crushers. Made in a complete range of sizes for your 














every need, Conveyors Bins 
Write for Bulletins S : Dy, 
UNIVERSAL ENGINEERING CORPORATION Division of PETTIBONE MULLIKEN CORPORATION 
347-Sth St. N.W., Cedar Rapids, lowa 4700 West Division St., Chicago 51, Illinois 
Phone 7105 Phone Spaulding 2-9300 
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TURBINES 


SUPPLYING a fundamental need in the field of hydraulics, the Smith-Francis 
Turbine has been in the forefront of the industry for many years. It is ideal for that 
long range of heads existing between the lower medium and very high. Completely 
described in a new Bulletin No. 152—just off the press! Write for your copy NOW! 


S. MORGAN SMITH CO., YORK, PENNA. 


POWER 4y SMITH 
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ROCHESTER LEARNED that only 


FROM EXPERIENCE 
C 4 
-f- p 


meets the 


Only Concrete Pressure Pipe 5 : ¢ 3 
meets ali of the “Big 3” require- 


ments for ideal high pressure 
water lines. 1. Long life. 2. Sus- 
tained high carrying capacity. REQUIREMENTS 
3. Great structural strength. 

Rochester, N. Y. wanted all three 
for its new 45,000 foot supply 
line, because former lines did not ‘ 

meet all three requirements. So they turned to Price Prestressed 
Concrete Cylinder Pipe. Here’s how they figured. 


1. Long life. With Price Prestressed Pipe, only concrete is 
exposed. When buried in the ground, concrete is ageless as 
limestone—life is measured in centuries. 


2. Sustained capacity. Properly placed concrete has the highest 
flow coefficient of any pressure pipe structural material—will 
never corrode or tuberculate under ordinary conditions. The 
concrete core is there “for good”, because it is a structural part 
of the pipe. Prestressed Pipe offers continued high flow with no 
maintenance cost. 

3. High beam strength. Price Prestressed Pipe makes your 
water line safe from external loads. It is shatterproof—and 
sudden and complete failure is all but impossible. 

















Don’t overlook the other advantages of Price Pipe. If’s easy 
to lay—can be installed quickly and easily because of its simple, 
self-centering joint. It’s easy to tap—any service man does the 
job with regular equipment and a few accessories. I/’s water- 
tight—the rubber and steel flexible joint adjusts to expansion, 
contraction, vibration and external loads without leaking. It has 
great economy—because of low original cost, low maintenance 
and extra-long, trouble-free life. 





Are your present water lines 
as ageless as limestone? Do they 


carry as much water as the day CONCRETE 
they were installed? Are they PRESSURE 


free from sudden bursting and 
resulting floods? If not, learn all PIPE 
about Price Prestressed Pipe— 


with its steel cylinder plus an MEETS 
encasement of concrete inside BIG 3 
and out. Our engineers know THE REQUIREMENTS 


pipe line problems. Call them 
today. 





1785 East Monument Avenue, Dayton 1, Ohio 


y\\\s Please send me, without obligation, the following literature: 
Rochester's new Name_ 


PRESTRESSED CONCRETE water supply line oe 
PPly Organization 


STEEL-CYLINDER PIPE Complete facts on Street 
Prestressed Pipe : 





City___ State 
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CONTINUOUS-LINE FLUORESCENT LIGHTING—key feature of Brooklyn- 
Battery electrical system—gives safer, shadowless illumination. Variable light 
intensity and lower operating costs are other important features. 


Ribbons of light mean safer, 
lower-cost tunnel operation 


Fluorescent lighting, central control, reliable power 
highlight G-E system at Brooklyn-Battery Tunnel 


Now handling 16,000,000 vehicles a year with safety, comfort, and 
operating economy, New York’s Brooklyn-Battery Tunnel provides 
an excellent example of modern tunnel electrical systems. Designed 
by engineers of the Triborough Bridge and Tunnel Authority and 
General Electric, this electrical system was the first to feature 
economical, variable-intensity fluorescent lighting. Centralized 
control and a coordinated power distribution system also contribute 
to operating economy and dependability. 

Tunnels are just one of the many types of heavy construction 
projects on which General Electric is ready to assist your engineers 
or consultants in electrical system planning. Contact your local G-E 
Apparatus Sales Office. General Electric Co., Schenectady 5, N. Y. 


664-24 












- me. 


WELL-LIGHTED APPROACHES lead to tunnel. In 


daytime, lighting inside the entrance is brighter 
to provide better transition from sunlight. 


ew 


Seseh 
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CENTRALIZED CONTROL permits one man to 
operate the complete electrical system — lights, 
fans, pumps and safety equipment. 








RELIABLE POWER—a necessity for tunnels—is 
provided by G-E metal-clad switchgear. G.E. 
also builds fan and pump drives for tunnels. 


Engineered Electrical Systems for Heavy Construction 


GENERAL @@ ELECTRIC 
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Scenes like these... 


Scenes of America’s construction force in 
action .. . of power dams, railroads, fac- 
tories, highways, bridges, airports under 
construction ... showing powerful con- 
struction equipment at work, as our nation 
continues to grow and build and expand. 


These, we feel are a tribute to the civil 
engineers of America that words can not 
adequately express. 

In behalf of its 750 distributor member com- 
panies throughout the United States and 
Canada, and its 300 manufacturer mem- 
bers, Associated Equipment Distributors 
is proud to salute the American Society of 
Civil Engineers as it embarks on a new 
century of engineering progress. 

‘It Takes All Three,” an illustrated book- 
let describing the distributor's vital role in 
the construction industry, may be secured 
on request. 





30 East Cedar Street, Chicago 11, Illinois 
- ew “er 
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A SALUTE TO THE 100th 


from the Cast Iron Pipe 


CAST IRON PIPE 
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BIRTHDAY OF THE A.S.C.E. 


Century Club 


CLUB ROSTER 





To the American Society of Civil Engineers 
on its birthday, marking a century of prog- 
ress, sincere congratulations from the Cast 
Iron Pipe Century Club and the cast iron 
pressure pipe industry. It is altogether fit- 
ting that the makers and users of cast iron 
pipe should honor the civil engineering 
profession on this notable anniversary. 
The membership of the Cast Iron Pipe 
Century Club, as you may know, is limited 
to municipal, or privately-owned, water 
and gas supply systems having cast iron 
mains in service for a century or more. 
Although the Club is formally consti- 


tuted, there are no dues, 






no regular meetings, 


and no obligations other 


than to inform the Recording Secretary if 
and when the qualifying water or gas main 
is taken out of service, or, sold for re-use. 
If your records show a cast iron main in 
service, laid a century or more ago, the 
Club invites you to send for a handsome 
framed Certificate of Honorary Member- 
ship. Address Thomas F. Wolfe, Record- 
ing Secretary, Cast Iron Pipe Century Club, 
Peoples Gas Bldg., Chicago 3, Illinois. 


SERVES FOR CENTURIES 
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——— OF WATER > - WATER SUPPLY 
City of Albany, New York 

BUREAU OF WATER, DEPT. OF PUBLIC WORKS 
Baltimore, Marylan 


ind 
CONSOLIDATED GAS ELECTRIC LIGHT AND POWER co. 


Baltimore, Marylan: 
PUBLIC WORKS DEPT., WATER DIVISION 
Boston, Massachusetts 
BOSTON CONSOLIDATED GAS CO. 
Boston, Massachusetts 
BOARD OF WATER COMMISSIONERS 
Detroit, Michigan 
FALL RIVER GAS WORKS COMPANY 
Fall River, Massachusetts 
CITY OF FREDERICK WATER DEPT. 
Frederick, Maryland 
GAS DEPARTMENT 
City of Fredericksburg, Virginia 
PUBLIC SERVICE COMMISSION 
City of Halifax, N. $., Public Water Supply 
THE HARTFORD GAS COMPANY 
Hartford, Connectic 
ciITY OF HUNTSVILLE WATER DEPARTMENT 
Huntsville, Alabama 
BUREAU OF WATER 
Lancaster, Pennsylvania 
LOUISVILLE GAS & —- co. 
Lovisville, Kentuck 
CITY OF LYNCHBURG WATER DEPARTMENT 
Lynchburg, Virginia 
MOBILE GAS SERVICE CORP. 
Mobile, Alabama 
MOBILE WATER WORKS COMPANY 
Mobile, Alabama 
WATERWORKS DEPARTMENT 
City of Nashville, Tennessee 
NEW ORLEANS PUBLIC SERVICE, INC. 
New Orleans, Lovisiana 
PUBLIC SERVICE ELECTRIC & GAS COMPANY 
Newark, New Jersey 
DEPT. OF WATER, GAS & ELECTRICITY 
New York, New York 
DEPT. OF PUBLIC WORKS, BUREAU OF WATER 
Philadelphia, Pennsylvania 
me GAS WORKS CO. 
Philadelphia, Pennsylvania 
BUREAU OF WATER, DEPT. OF PUBLIC WORKS 
ittsburgh, Pennsylvania 
POTTSVILLE WATER COMPANY 
Pottsville, Pennsylvania 
QUEBEC POWER COMPANY, GAS DIVISION 
Quebec, Canada 
BUREAU OF WATER 
Reading, Pennsylvania 
DEPT. OF PUBLIC — 
Richmond, Virgini 
WATER & SEWERAGE DEPARTMENT 
City of Saint John, B. 
DEPT. OF — orniries, WATER DIVISION 
St. Lovis, Missouri 
SYRACUSE WATER WworRKS 
Syracuse, New York 
THE CONSUMER’ S GAS CO. OF TORONTO 
Toronto, Ontario 
DEPT. OF PUBLIC WORKS 
Troy, New York 
CITY OF UTICA, BOARD OF WATER SUPPLY 
Utica, New York 
CITY OF WHEELING WATER DEPT. 
Wheeling, West Virginia 
WILMINGTON WATER DEPT. 
Wilmington, Delaware 
WATER DEPARTMENT 
City of Winchester, Virginia 
WATER DEPARTMENT 
City of Winston Salem, North Carolina 
YORK WATER COMPANY 
York, Pennsylvania 
WATER DEPARTMENT 
City of Zanesville, Ohio 
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Dynamic progress of Tidewater Virginia is illustrated by Norfolk-Portsmouth Bridge-Tunnel, providing direct 





highway link between the two cities. Left, entrance to new tunnel under Elizabeth River's Southern Branch; Mary 
above, air view of bridge over Eastern Branch Doris 
JAME 



































@ Water-coursed topography, which makes Hamp- 


*1 3: 6 4i ee ton Roads one of the world’s great harbors, has 
Tunnel Building Takes Pinpoint Precision long handicapped land transportation. A key project 
; p in solving this problem is the Norfolk-Portsmouth 
: and Heavy Construction Muscle Bridge-Tunnel and related facilities, completed at 33 W 
: a cost of $23 million. 
The trench-type tunnel, 3,315 ft. long, under the 
Southern Branch of the Elizabeth River is linked 





with a beautiful, new four-lane bridge, 2,135 ft. * Ro 
long, over the Eastern Branch. 33 
Motorists who now travel swiftly between Norfolk ° Di 
and Portsmouth, instead of waiting for traffic- 
glutted ferries, are the first to appreciate the engi- 10 
neering and construction know-how which went ° M 
into this great project. 62 
. — . . . Daas 
For one thing, the logistics of a job like this are Br 
an achievement of first rank. Clock-like co-ordina- Te 
tion meshed men, equipment and materials together 
Elizabeth River Tunnel is tenth of trench type in U. S., fourth of its kind built by Merritt-Chapman as one team. And. team-player that it is, Lone Star 11 
& Scott. For 2117’ under-water section, 7 double-shelled steel tubes, each about 300’ long, 35’ 4 delivered 179.233 barrels of cement on the dot of 
diameter, were launched and towed to site. Next step was to concrete 18” inner ring and 22'-wide * ; + “fs j Som 11. 
roadway inside each section, piping concrete through hatchways along top into traveller forms every promise, for the very good reason that. . . 31 
Then hatchways were concreted and sealed. With Lone Star, dependable service goes hand in 
hand with always-dependable quality. °* L. 
Tr 
WORFOLK-PORTSMOUTH BRIDGE-TUNNEL %) 
Engineers ws 
PARSONS. BRINCKERHOFF, HALL & MACDONALD, New York 
J. £. GREINER CO., Baltimore 
Contractors 
MERRITT-CHAPMAN & SCOTT CORPORATION, New York 
(Tunnel and Ventilation Building) CaRI 
TIDEWATER CONSTRUCTION CORPORATION, Norfolk W 
(Bridge and Approaches) TL 
STERLING FOUNDATIONS, INC., Lynbrook, N. Y E. L. 
(Sub-contractor Cut-and-Cover Tunnel Section, Portemouth) Jose 
AMES & WEBB, INC., Norfolk 10 
Almost awash, tubes are held by derrick slings, as concrete is tremied into place between inner and (Virginia Highway Dept. contract for widening and paving 
outer shells, until tubes lose buoyancy. Tube’s 9100 tons “in the dry” becomes less than 100 tons feeder streets) 
under water. Divers bolt sections together, rest of space between inner and outer shells is filled, and Ready-Mix Lone Star Concrete The 
section joints sealed, with concrete. Trench is back-filled, bulk-heads holed through. joints faced SOUTHERN MATERIALS COMPANY, INC., Norfolk made 
with concrete—and here's your tunnel! GEORGE T. McLEAN INDUSTRIES, INC, Portsmouth 
Suss 
year 
L¢ NE A EMENT = 
Chap 
posta 
PRIN 
made 
auth 
that | 


Offices: ABILENE, TEX. * ALBANY, N.Y. + BETHLEHEM, PA. + BIRMINGHAM 
BOSTON + CHICAGO + DALLAS * HOUSTON + INDIANAPOLIS 
KANSAS CITY, MO. *  WNEW ORLEANS * NEWYORK + NORFOLK 
PHILADELPHIA + RICHMOND «+ ST.LOUIS * WASHINGTON D.C 


LOWE STAR CEMENTS COVER LONE STAR CEMENT, WITH ITS SUBSIDIARIES, IS ONE OF THE WORLD'S LARGESI 
THE ENTIRE CONSTRUCTION FIELD CEMENT PRODUCERS: 17 MODERN MILLS. 175.600.00) SACKS ANNUAL CAPACITY 
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From the “GOOD OLD DAYS”.. to modern times 


Designs, materials, construction 
techniques . . . all have come a long 
way since Chicago Bridge & Iron 
Company built its first elevated steel 
tank in the “Good Old Days.” This 
tank was erected in 1894 at Fort 
Dodge, Iowa. 

Designs and uses for steel plate 
structures advanced rapidly in the 
years that followed. In 1913 we 
erected a steel smokestack 400 ft. 


CHICAGO 


Atlanta 3 2617 Healy Bldg 
Birmingham | 1596 N. Fiftieth Sr. 
Boston 10 1009—201 Devonshire St 
Chicago 4 2199 McCormick Bldg 


Cleveland 15 2263 Guildhall Bldg 


high for the United Verde Copper 
Company near Clarksdale, Arizona. 
Ten years later, in 1923, Chicago 
Bridge & Iron Company designed, 
fabricated and erected the first 
Hortonsphere for storing liquids at 
Port Arthur, Texas. 

In 1937, the design of steel plate 
structures was influenced by the field 
In that year we built a 

vessel to house atom 


of science. 
pear-shaped 


smashing equipment at the West 
inghouse research laboratories. 


* * * 


Now, in 1952, we see a 1,000,000-gallon 
Horton radial-cone bottom tank built for San 
Antonio, Texas. This beautiful structure, 
71 ft. 6 in. diam. by 35 ft., embodies some of 
the experience and background gained in 63 
years of designing, fabricating and erecting 
Profit from this ex 
Write our neare st office for info 


steel plate structures. 
perience 


mation 
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Centennial issue in commemoration of 100th anniversary of ASCE | SEP TEMBER 1952| 








CARLTON S. PROCTOR, President, ASCE 


Moran, Proctor, Mueser & Rutledge, Consulting Engineers, New York, N.Y. 


Engineers 





face major responsibilities 


in the next hundred years 








0: foremost importance to all engi- 
neers today is the Centennial of our 
birthday and its celebration. The 
founding of ASCE 100 years ago, as 
the first national engineering associa- 
tion in the Americas, marked the or- 
ganized distinction between military 
and civilian engineering practice. 
Hence, quite properly and logically, 
we are being joined in our Centennial 
celebration by our sister societies in 
the other branches of engineering. 
This then is the Centennial for the 
entire profession of engineering in the 
United States. The success of our 
Chicago Convocation would have 
been unattainable without the whole- 
hearted support of our sister societies, 
particularly the assistance of those 
members of their governing boards 
who have accepted membership and 
duties on the Board of Directors of 
the Centennial of Engineering 1952, 
Inc. 

The grand culmination of a year of 
celebration is this Convocation in 
Chicago, where 61 national and inter- 
national engineering societies are 
meeting. Reservations have been 
made for more than 30,000 engineers 
and their families. Sixteen foreign 
nations are represented by their 
leading engineers. Our activities are 


filling all of the principal Chicago 
hotels, and all sizable meeting rooms 
have been engaged. 

The experienced leadership of such 
men as Maj. Lennox R. Lohr, M. 
ASCE, President of the Centennial of 
Engineering and guiding spirit in 
its exhibits, pageants, and convoca- 
tion; and Charles F. Kettering, 
Hon. M. ASCE, Chairman of its 
Executive Committee, have been in- 
valuable. Major Lohr’s qualifications 
for the directorship of our Centennial, 
including his creation of the Chicago 
World’s Fair and his leadership in 
the Chicago Museum of Science and 
Industry, are without equal. His 
untiring efforts in directing the Cen- 
tennial are on a purely pro bono pub- 
lico basis. 

The presence of the Chicago Mu- 
seum of Science and Industry and the 
proffered assistance of Major Lohr, 
controlled the selection of Chicago as 
the Centennial city, as recommended 
to the Board of Direction of ASCE by 
our Centennial planning committee. 
This committee had spent two years 
of study under the chairmanship of 
Malcolm Pirnie, a Past President of 
ASCE. Later Irving V. A. Huie, M. 
ASCE, became chairman of the execu- 
tive committee of the Centennial 
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committee. It was this committee 
that laid the plans and prepared 
the specifications for this Centennial 
nearly four years ago. 

As for the help of Mr. Kettering, his 
enthusiasm from the start has been 
infectious. As chairman of the Execu- 
tive Committee of the Centennial of 
Engineering 1952, Inc., he headed up 
the fund raising efforts. One of his 
ardent ambitions has been to depict 
the essential part played by engineers 
in our country’s progress. He agreed 
with Malcolm Pirnie and his com- 
mittee that such an epic could be 
more dynamically portrayed at the 
great Chicago Museum of Science 
and Industry, essentially a museum of 
engineering accomplishment, than at 
any other place. There he envisaged 
an unequaled opportunity to demon- 
strate to the millions who view our 
exhibits, as well as to the other mil- 
lions who read of them, the fact that 
our American progress has resulted 
from the partnership of the engineer 
with management, with skilled work- 
men and risk capital. He has long 
felt that some such depiction is essen- 
tial to show that our enormous fndus- 
trial growth could only have occurred 
in an atmosphere of cooperation under 
conditions free from governmental 
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competition, stifling restrictions, and 
the stagnating influence of socialism. 

Now this hundredth year of ours 
demands of us more than a great cele 
bration and more than a demonstra 


tion of past accomplishments. This 
should be accepted as the year of the 
full maturity of our profession, the 
time to take stock of our equipment 
and facilities to meet the challenge 
which the engineer faces in the world 
ahead of us. 

On the positive side is a record of 
proud accomplishment—the _ vital 
contribution toward winning the re 
cent World War, so frequently re 
ferred to as an engineer's war; the 
prime influence of engineering in im- 
proving our living standards and in 
developing our tremendous industrial 
capacity. We have been leaders in 


+ 


the creation of the greatest social 
structure of all time, so strong that 
with only 6 percent of the world’s 
population and 7 percent of the 
world’s area, we are supporting the re- 
building and rearmament of the entire 
Western world. 

On the negative side is a world on 
the brink of another war—a condition 
tragically induced by the collapse of 
moral and political leadership, and 
by mans fear of man’s inventions. 
Our Western world no longer fears the 
ravages of nature—storm, flood, 
hunger and cold. Science, technol- 
ogy and engineering have dispelled 


these fears. But today men fear, 
more desperately than they have 
ever feared before, the power and 


consequences of the inventions of 
modern science, for the world con- 
tains forces, such as nuclear energy, 
until recently undreamed of, that 


must be directed toward constructive 
ends, else they will be employed for 
destructive 


ends. Men see science 





Stourbridge Lion, first full-sized locomotive to be operated in this country, was 
bought in England in 1829 by Horatio Allen, later to become a president of 


ASCE (1872). 


1868). 


He was working at the time under another engineer who 
later became a well known member of ASCE 


John B. Jervis (Hon. M.ASCE, 


The locomotive was used on Delaware and Hudson's canal, incline 


and railroad project, 1823-1830, directed by Jervis, and characterized as 
most daring and courageous undertaking of its time attempted under private 
sponsorship. 
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advancing beyond their ability to 
control its discoveries or to regulate 
its power for destruction. 

The fact that our inventions, inno- 
vations and public utility improve- 
ments have created a vast amount of 
non-productive leisure time, beyond 
the capacity of the average person to 
culturally employ, has been a subject 
of only academic interest to us. 
Despite our record, of which we are 
justifiably proud, and despite all the 
glory that will come to our profession 
at these Chicago celebrations, we 
just haven't finished our job. We 
have hidden behind our slide rules 
when we should have been taking 
our essential place in the world of 
public affairs. In perfecting labor- 
saving devices, mechanization for 
rapidly raising living standards, and 
facilities for mass entertainment and 
travel, we have largely ignored our 
responsibilities for the social impact, 
the economic repercussions, and the 
cultural implementation of our work. 


A century 


J. K. FINCH, M. ASCE 


Dean Emeritus, School of Engineering 


Columbia University, New York, N.Y. 


The Century of Progress which the 
American Society of Civil Engineers 
celebrates this year may also be re- 
garded as marking the fiftieth century 
in the history of the civil engineering 
profession. What we know as civil 
engineering today is but the modern 
version of an ancient practical art 


Trussed arch across the Schuylkill in Phila- 
delphia, known as the ‘Permanent Bridge” 
because it replaced a bridge of boats, was 
built without knowledge of structural analysis 
or stresses, by Timothy Palmer in 1805. 
This bridge exemplifies uncanny intuitive 
structural sense possessed by early American 
bridge builders. Forty years later, Squire 
Whipple (Hon. M. ASCE, 1868) was first to 
publish a rational method of truss analysis, 
and thereby inaugurated the modern era of 
rationalized bridge design. 
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ity to The most desperate need of today’ enterprise, and above all, their pa- particularly significant responsibility 
gulate is the reconciliation of science, tech- tience and faith. In this effort, we to strengthen man’s faith in the 
nology, and engineering to reassure a cannot afford the cost of failure. eternal. 
, inno- world in fear of war, and to reestablish We must pay the price of success. The new frontier of the engineer is 
prove- man’s confidence in the works of man. I believe that the engineer holds a_ to reestablish leadership by men of 
unt of That job is ours. We the engineers position of large public responsibility emotional and spiritual discipline 
eyond constitute the only catalyzer that and hasa unique opportunity in these to bring men and women of incisive 
son to can reconcile the opposing elements of critical times. His is the obligation capacity back into public life. Then 
ubject destruction on the one hand and of devolving from the social impact and — the 450,000 engineers in this country 
oO us. creation on the other, inherent in the economic implications of his work. will approach the dignity of their 
ve are engineering world of today. Weare This opportunity derives from the heritage and assume their responsi- 
ll the supporting an all-out material mo- public's confidence in his analytical bilities as constructors of civiliza- 
ession bilization when the world needs judgment. Furthermore a_ very tion’s future, to justify our pride in 
Ss, we first an all-out spiritual mobilization. special stewardship has been en-_ celebrating a hundred years of engi- 
We Six hundred million men belong to trusted to him. To engineers, more neered progress. Then our Cen- 
rules our Western civilization, half of them than to any other group, has been’ tennial will show more clearly to 
aking on European shores. The grave entrusted a knowledge of, and the millions that continued progress de- 
ld of question of the day is whether or not ability and opportunity toemploy the mands as a prerequisite the con- 
labor- ‘his great human group of the West divine laws of nature. Actually we servation of the American way of life 
1 for can maintain its unity, strength and _ create nothing except in compliance and a rededication to our faith in the 
» and leadership. To this great endeavor with those laws and through their dignity of man and his destiny in the 
t and af preserving and further developing employment. As our understanding eternal plan. Then we may cease to 
1 our Western standards of civilization, of the laws of nature has grown, our blush at the admonition of Edmund 
ipact, many men will have to devote the best capacity for improving man’s facili- Burke, ““The surest way for the forces 
d the of their character and wisdom, their _ ties for enjoyment and fullness of life of evil to prevail is for enough good 
work. knowledge and imagination, their has increased. Hence we hold a_ mento do nothing.” 
of progress in civil engineering 
A lifetime student and teacher of civil engineering, Dean Finch has re- 
corded for publication in Proceedings his observations of the past century 
eering of our professional growth in capacity and service toward the economic 
and material development of America. This summary of his longer paper 
w NY. is illustrated with a few photographs in major fields which reflect the efforts 
of civil engineers to meet the demands of our growing country. The 
illustrations are mostly from the author's extensive collection. 
the the art of construction which is as No engineering technique is ever Distinctive Character of 
oe old as civilized life itself. From be- lost. We are constantly working American Engineering 
. ginnings in Egypt and Mesopotamia over, revising, improving and adding American engineering had its be- 
ury at least three thousand years before to past practices and methods. Man ginnings about fifty or sixty years 
ring Christ, the traditions and practices has built roads, canals, and bridges before the founding of the American 
neil of the ancient master builder have for centuries. W e did import the Society of Civil Engineers in 1852. 
lore been handed down to us and we carry steam locomotive from Britain, but As early as 1838 a British visitor to 
rt cee aaa ge . to — as = oe ts oe our shores, David Stevenson, sensed 
-sse é service > evo Oo oO 4 2 > é Cc S ¢ ¥ - : 
Western civilization and the demo- practices. It has grown and devel. {Hew fundamental differences which 
ey . : p Nces nadie have characterized our engineering 
hila- cratic way of life. ; oped from pioneer beginnings in a development. He noted: 
ige” One would expect, therefore, that peculiarly American manner to meet 
wes American engineering would owe _ peculiarly American needs, wants, The zeal with which the Americans 
lysis much to importations from abroad. and conditions. In part this has undertake, and the rapidity with which 
905. It is commonly assumed, in fact, that been due to the fact that we have _ they carry out every enterprise, which has 
tive the first engineers in the United been too busy with our own problems _ the enlargement of their trade for its ob- 
can States had received their training, to follow with care developments _ ject, cannot fail to strike all who visit the 
uire largely in the military field, abroad, abroad. To a major degree it has United States as a characteristic of the 
t to and that we simply appropriated, been due to the totally different nation. English and American engineers 
ysis, ready made so to speak, our engineer- economic and social life that has are guided by the same principles in de- 
a of ing ideas and methods from earlier grown up in America as compared signing their works, but the different 
European works. with the older civilizations of Europe. nature of the materials employed in their 
36 CIVIL ENGINEERING e September 1952 (Vol. p. 621) 37 
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Famous old timber trestle (above) over Genesee River, on Buffalo Branch of Erie Rail- 
road, was built by Silas Seymour in 1851 and destroyed by fire in 1875. Structure, 
known as Portage Viaduct, was replaced by new pin-connected bridge (below) by 
George S. Morison (President of ASCE, 1895) in unbelievable time of six weeks—a 
speed record which has never been equaled. 






















Civil War military bridge over Potomac Creek was built in 1862 by Herman Haupt 
in nine days, utilizing soldiers. It consisted, according to President Lincoln, of 
“nothing but bean poles and cornstalks."” During Sherman's March to the Sea, 
Haupt's assistant, E. C. Smead, built a bridge twice this size in half the time. 
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construction, and the climate and cir 
cumstances of the two countries naturally 
produce a considerable dissimilarity in the 
practice of civil engineers in England and 
America. At first view one is struck with 
the temporary and apparently unfinished 
state of many of the American works and 
is very apt, before inquiry into the sub 
ject, to impute to want of ability, what 
turns out, on investigation, to be a judi 
cious and ingenious arrangement to suit 
the circumstances of a new country, of 
which the climate is severe—a country 
where stone is scarce and wood is plentiful 
and where manual labor is very expensive 
It is vain to look to the American works 
for the finish which characterizes those of 
France, or the stability for which those 
of Britain are famed.”’ 


The “plentiful material’ was, as he 
notes, timber. In fact the major 
problem in the construction of our 
early canals and railways was to get 
rid of the forests, trees and stumps 
that encumbered the routes. Dick 
ens in his American Notes of 1842 
describes the monotony of travel 
through such lanes cut in virgin wil 
derness. Timber was not only plenti 
ful but was well adapted to inexpen 
sive, relatively temporary construc 
tion, in a country of meager financial 
resources, and where the uncertainty 
of future requirements did not justify 
a more permanent form of building. 
As a result, America built in timber 
rather than in the more solid, per 
manent, and costly stone which was 
characteristic of British and Conti 
nental practice. There were, there 
fore, few great American masonry 
bridges comparable to those abroad, 
but as a result of his preoccupation 
with framed construction, the Ameri 
can engineer did initiate the modern 
era of the truss bridge. 

Similarly, as Stevenson wrote, man 
ual labor, that is, skilled labor, was 
scarce, and even in 1838, as he puts 
it, “very expensive.” This fact ex 
ercised an especially strong influence 
in the pre-machine period in which 
Stevenson wrote, but it continued to 
dictate the character of later Ameri 
can design and production even as it 
does today. Its manifestations are 
manyfold. This has been the pre 
dominating factor in the rise of 
American power tools, labor-saving 
machines, and mass production. It 
has encouraged standardization and 
has led to the recent development of 
automatic and semi-automatic equip- 
ment. In bridge design it resulted 
in efforts to minimize the time and 
cost of construction through the de- 
velopment of plans in which field 
operations were reduced to a mini- 
mum. The typical American pin 
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connected truss was born of these 
same basic conditions. 


Railroad Building Dominated 
Nineteenth Century 


But the character and scope of 
economic needs also strongly color, 
if indeed they do not dictate, the type 
of work to which the engineer devotes 
his effort. The nineteenth century 
in the United States was preeminently 
a century in which the dominating 
problem was transportation, and in 
this domain the railroad soon became 
king. Britain’s railroad problem was 
almost completely solved by 1840, 
that is, in ten or fifteen years. By 
this date there were more miles of 
track in the United States than in 
Britain, but our maximum rate of 
building was not reached until the 
decade 1SSO-1890, when over 70,000 
miles were put down. Our maximum 
railroad mileage, over 250,000 miles 
enough to circle the globe ten times 
was not attained until 1920. Our 
tremendous and _ unparalleled in 
dustrial growth has been a twentieth 
century phenomenon. 

The nineteenth century, which had 
begun with tallow candles, ended 
with electricity. It came in on horse 
back and went out in the automobile. 
It began with the stagecoach and 
closed with the airplane. It started 
with an uncertain postal service and 
ended with the telephone. It ush- 
ered in Whitney’s interchangeable 
manufacture; it saw Yankee inge- 
nuity devise “‘the American system”’; 
it witnessed the development of mod- 
ern power-driven tools and equip- 
ment. All these surely marked great 
advances in American industry and in 
engineering services, but by 1900, 
American manufacturing was still 
localized in some 14 North Atlantic 
and North Central states. Agricul- 
ture still remained the greatest in- 
dustry, and even in agriculture maxi- 
mum employment was not reached 
until 1910. 

The nineteenth century in_ the 
United States was thus, from the 
economic standpoint, primarily a 
making ready of the way for the un- 
paralleled and unequaled industrial 
development which was to follow in 
the twentieth. It was marked by the 
physical conquest of a continent, by 
the spread of a people from the 
Atlantic to the Pacific. The remark 
ably gifted and able engineer-crafts- 
men who, in the early days of the 
Republic, built precedent-making 
timber bridges to meet purely local 
needs, gave way, in these hundred 
years, to the forceful and dynamic 
civil engineers who joined the East 
and West with paths of steel. 


39 (Vol. p. 623) 


The engineering profession has 
never produced more resourceful and 
determined, more competent direc- 
tors and leaders of men, than those 
who, in spite of danger and hardship, 
led in this conquest of a continent. 
From the bridging of great rivers to 
the seeking of the most favorable 
mountain pass, the civil engineer led 
his forces in the forward march of the 
steel rails. It was an age of boister- 
ous, wild and often reckless expansion 
in which engineering demands made 
personal qualities of character and 
leadership of more importance than 
highly specialized technical under- 
standing. American engineering 
schools were rapidly developed in the 
last years of the century but the ma- 
jority of the civil engineers of the 
day had earned their title ‘in the 
hard way’’—-through actual service. 

As the century was coming to a 
close, however, it was becoming ap- 
parent that this romantic era was pass- 
ing and we were facing new conditions 
and new needs. Our frontiers had 
been reached, our railroads had been 
built, our future lay in the further 
technological development of our 
material and human resources. It 
was in 1903 that George S. Morison, 
a president of our Society, wrote a 
brief essay, ““The New Epoch,”’ fore- 
casting the new era which was to be 
ushered in with the turn of the cen- 
tury, the new epoch of steam and 
electrical power, of ever-increasing 
industrial development, and of new 
demands challenging the civil engi- 
neer to even greater undertakings 
and accomplishments. 

The story of a century of civil en 
gineering progress, therefore, might 
well be divided into two major pe- 





riods—the fifty years before the turn 
of the century and the fifty years 
since. The first of these two half 
centuries of civil engineering in the 
United States was, as we have seen, a 
pioneering era of timber and wrought- 
iron construction, dominated largely 
by railroad building, with some rel- 
atively scant attention to urban prob- 
lems plus a number of unspectacular 
ventures of cooperative or private 
enterprises in the irrigation field. 
Many basic standards and methods of 
American practice were, it is true, 
established, notably in bridge con- 
struction, but in 1900 the great period 
of American industrial growth and 
civil engineering expansion was yet 
to come. 

The second half century was to be 
marked by the rise of another trans- 
portation problem, that of highways, 
which has created a new field of 
activity for the civil engineer. Ever 
increasing urban problems have like- 
wise led to outstanding constructions, 
while hydraulic works—water supply 
and power, irrigation and flood con- 
trol— have resulted in the building of 
the greatest projects ever undertaken 
by man. It has been suggested that 
the nineteenth century marked the 
heyday of the civil engineer and that 
the consumer goods engineers have 
held the leading position since the 
turn of the century. As a matter of 
fact, advances in other engineering 
branches have greatly enlarged the 
power and scope of civil engineering 
practice. Increased use of power, 
mechanization and an ever-greater 
production have certainly marked 
these last fifty years, but back of this 
has been an ever-greater expenditure 
for the capital goods of plant, trans- 


May 10, 1869, witnessed opening of the continent by rail, when Union Pacific 
and Central Pacific railroads were joined at Promontory, Utah. Maj. Gen. 
Grenville M. Dodge (Hon. M.ASCE, 1915), chief engineer of Union Pacific, 
left, shakes hands with Samuel S. Montague, chief engineer of Central Pacific. 
Theodore D. Judah, a charter member of ASCE, who pioneered construction 
of Central Pacific over Sierra Nevada, had died in 1863. 




































































































Revolutionary change in technique of dam 
construction took place in 1913, with build- 
ing of Kensico Dam in New York City’s water 
supply That structure 
marked point in dam construction where 
masonry gave way to concrete. Hoover 
Dam, here shown during construction (1931 

1936), by the Six Companies for U.S. Bureau 
of Recalmation, is arch gravity dam 730 ft 
high, containing over 3 million cu yd of 


system. concrete 


concrete 


portation and facilities that constitute 
the domain of the civil engineer and 
are essential to such productive 
growth 

Several developments have funda 
mentally influenced, or even radically 
changed, the conditions of engineering 
practice in the last half century 
These include the above noted change 
in the civil engineer's clients from a 
liaison largely centering in private 
enterprise to one featuring national, 
state and municipal agencies, able to 


carry out works beyond the capacity 
of private financing. There has also 
been the great change from the pick- 
and-shovel era of manual labor and 
horse-drawn vehicles to the era of 
mechanized construction. Finally, 
there has been the replacement at an 
ever-increasing pace of older empirical 
methods of design and planning by 
the more exact, qualitative and effec- 
tive approaches of engineering science. 
The search for greater understanding 
and increased power has been un- 
ending. 

While it is true that the scope of 
civil engineering activity depends 
primarily on economic and _ social 
demand, these changes in practice, 
changes within the profession itself, 
have to a major degree made possible 
the bigger and better engineering 


works demanded by the economic 
trend. 

And where does all this remarkable 
civil engineering advance and de- 
velopment leave us? Had it been 
possible to look ahead a hundred 
years ago when our Society was 
founded—-or even fifty years ago 


when this new era of unparalleled 
const)uction opened—-we could un- 
doubtedly have avoided some re 
construction and, perhaps, some fail- 
ures. As a matter of fact, in fore 
casting future needs, civil engineers 
probably venture longer-range pre- 
dictions—-as in the great urban water 
supplies for example—than any other 
group of engineers. But any effort 
to forecast future trends in the scope 
and character of professional practice 
brings one up against many uncertain 
and extraneous influences, which 
make more than an attempt at pro- 
jected hindsight impossible. 


Golden Gate suspension bridge, completed across entrance to San Francisco Bay in 
1937, and reflecting tremendous demands of the modern highway era, has world’s 


4,200 it. 


longest span 





It thus seems certain that man’s 
search to extend the scope and power 
of engineering activity through a 
more scientific approach to the prob- 
lems of design, will continue at an 
ever increasing pace. Scientific, en- 
gineering, and industrial research, 
directed toward greater understand- 
ing and greater control of our ma- 
terial surroundings, is the keynote 
of the modern search for progress and 
power. 

In engineering, this search must in- 
evitably lead—as it already has led 
in medicine—to greater specializa- 
tion. One of the first changes will 
probably be a greater distinction 
between the designer and the pro- 
duction or construction type of man. 
This trend is already under way. 
The all-around structural engineer 
of the past, both a capable designer 
and an able and practical builder, is 
rapidly passing. The day when a 
prominent civil engineer such as 
Kirkwood, second president of ASCE, 
could turn from railroad to sanitary 
engineering has already passed. 

With this organized specialization 
and increasing complexity of tech 
niques, the distinction between the 
professional engineer and the technical 
assistant is also becoming more 
strongly marked. There will be few 
indeed who, lacking specialized edu 
cation, will rise from the ranks to 
professional leadership, as often hap 
pened in the past. 

That there are grave dangers in 
volved in these trends cannot be 
denied. A complete divorce between 
design and construction would be 
fatal, for design is but a means to in- 
telligent and economical construction 
Similarly, too great insistence on 
science and specialization in our edu 
cational programs may lead to the 
development of a narrow engineering 
mind, incapable of seeing all the many 
factors that must be considered in 
planning any great engineering work. 

At the same time it seems clear 
that the construction industry is 
rapidly becoming a far more highly 
engineered activity. The planning 
of construction plant is a major de 
sign problem, and the scheduling of 
operations and direction of forces a 
major managerial problem. In due 
course it will be found that much of 
this new construction technique can 
be more quickly and _ effectively 
taught by the formal processes of the 
classroom than solely through ap- 
prenticeship, as it so largely is today. 

There was a period when it seemed 
that the independent consulting en- 
gineer was about to disappear. The 
cities would, it seemed, have their 
own engineering forces; the states 
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would take over all highway engineer 





man’s ing; and the Federal Government 
power would likewise do its own engineer- 
igh a ing. In the conduct of normal, 
prob- routine operations and extensions 
at an this has undoubtedly become the 
c, en- pattern to be followed. But it is ob- 
earch, viously uneconomical, if not impos 
stand sible, for any governmental organiza 
r ma tion to maintain specialists in all 
ynote branches of a profession which is be 
ss and coming ever more specialized. Fur 
thermore it is wasteful to build up a 
ist in special staff to undertake new work 
is led which is temporary in character or 
aliza services only needed at infrequent 
; will intervals. One would expect, there- Muck sausages pushed their way through doors in shield during driving of 
ction fore, to find an increase 11 specialized Holland Tunnel under Hudson River at New York in 1923. Tunnel was driven 
pro consulting offices in the future. under air pressure of 20 psi, about 30 ft below river bottom. Bulk of displaced 
man Finally, what changes may be ex material was not excavated but simply pushed aside 
way pected in the engineer's equipment j 
ineer and construction methods, and what 
igner continuing or new demands for civil 
er, is engineering services may be forth 
en a coming? 
n as With constantly increasing labor 
SCE, costs, it would appear that mechani- 
itary zation in construction must increase 
although we already seem to have 
ition achieved the maximum possible. 
tech Unlike the consumer goods industries, 
the the capital goods work of the civil 
nical engineer usually requires the pro 
nore duction of a custom-made unit; that 
few is, every construction job, since the 
edu work is built in place to meet special 
S to conditions, involves the production 
hap of a new product. It may turn out 
that in the future we will see far more 
; in prefabrication in connection with 
be many minor civil engineering struc 
yveet tures or parts. 
be 
10 Demand Will Determine Future 


Merritt Parkway in Connecticut, near Stamford, exemplifies modern toll road 
But in the end it is demand that with complete separation of grades and lanes. 

will determine the extent of future 

activities in civil engineering. Grow- 

ing and expanding economic needs 

- constitute the main determining fac- _Diesel-powered passenger train, pioneered by Chicago, Burlington & Quincy Railroad on 


























¥- tor. The needs and wants of our Chicago-Denver run, made 1,017-mile run in 1936 in little over 12 hours. 
af thousands of towns and cities are the 
lowe backbone of sanitary practice. At 

‘. the moment the still far-from-solved 
hh problems of highway traffic furnish 
ing the major activity of our structural 
de engineering firms. The great works 
of of the Federal Government may be 
is spectacular and record breaking but 
on they do not keep the wheels of the 
a profession turning. A strong and 
aes healthy economy, a widespread ma- 
aie terial well-being, are still, as they al- 
the ways have been, the greatest assur- 
ap ance of a continued demand for the 
4 services of the civil engineer. Such 
onl an economy will call forth the engi- 
we neer’s best efforts and stimulate con 
he tinued professional development in 
ols skill and capacity to serve in the 
tes years to come. 
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DWIGHT W. WINKELMAN, M. ASCE 


President, D. W. Winkelman Co., Inc., Syracuse, N.Y. 


—a growing field for the civil engineer 


I 1852, Franklin Pierce was elected 
President of the United States. I 
imagine that he rode to the inaugura- 
tion over an old plank road. There 
were no superhighways. Baseball 
was just beginning to become popular 
in empty lots. There were no huge 
stadiums. In 1852, the most cele- 
brated building was an imaginary 
one—lUncle Tom's Cabin—published 
that year, as was also Ten Nights ina 
Barroom. 

That was the picture a hundred 
years and four wars ago. 

A century ago, most of the trans 
continental railroads crossing the 
rivers and mountains of the United 
States were yet unbuilt. The large 
bridges—the San Francisco Bay 
Bridge, the George Washington 
Bridge, and all the others—had not 
been constructed. The “Big Ditch’ 
(the Panama Canal) had not been dug. 
There were no New York skyscrapers, 
no Hoover Dam. 

In the one hundred years since 
1852, engineers with skill and pa 
tience, and contractors with imagina 
tion and courage, have changed the 
picture. That rare combination of 
qualities, reaching maturity under 
the free enterprise system, has pro 
duced highways, bridges, buildings, 
railroads, and dams. So, on the one 
hundreth anniversary of the ASCE, 
we pay tribute to the productivity 
of the engineering profession over 
the past ten decades. 

At the same time it is appropriate 
to review the opportunities ahead for 
engineers in the construction field. 
Such opportunities do exist. The 
United States of 1952 is similar to the 
one of 1852 in that respect at least 
It is still the land of opportunity. 


Opportunities in Construction 


First of all, it is true that the con 
struction industry, like other in 
dustries, has more work than engi- 
neers to do it. The 5,500 civil engi 
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neers graduated last spring are not 
enough to carry on the construction 
program this nation needs. There are 
likely to be more jobs than engineers 
for several years to come. As 
should be expected, the engineer’s 
value has gone up. A joint coopera- 
tive committee of the ASCE and the 
Associated General Contractors of 
America (AGC) is trying to encourage 
better salaries for civil engineers. 
This is a good time for the civil 
engineer to enter the construction 
field. 

In addition to the usual demands 
for civil engineers in construction, 
another consideration is encouraging. 
Contractors are, and for some time 
have been, developing new respect 
for men with an engineering educa- 
tion. The contractor of yesterday 
was often not an engineer but a build- 
ing mechanic, with more business 
sense, courage, and imagination than 
his fellows. He wanted to be inde- 
pendent. He wanted to pit his in 
genuity against other free enter- 
prisers and he often won out by sheer 
drive 

More than personal courage and 
initiative are required to keep a con- 
struction firm in the arena today. 
New products and new methods are 
coming on the market daily. Con- 
tractors have learned to rely on their 
technical aides, the engineers, to keep 
the firm abreast of the progressive 
methods and away from the imprac- 
tical ones. 

Many contractors have invited 
engineers into partnership with them 
and many are sending their sons 
(whom they expect to succeed them) 
through engineering school. The 
disciplined engineering mind has a 
contribution to make to the fierce, 
highly competitive construction in- 
dustry. 

The skilled training of the engineer 
has won the respect of the general con- 
tractor. Contractors not only have ac- 


cepted the technical guidance of the 
engineer, but would gofurther. Most 
contractors want their engineers to be 
able to shoulder other responsibilities. 
They would like to see these engineers 
absorb some of their own abilities to 
manage men and machines, schedule 
the job, and weigh costs. They 
want their engineers to be more than 
draftsmen and designers. They want 
them to move into more responsible 
jobs. In that attitude lies new prom 
ise for young civil engineers. 

One contractor has said, “It is 
largely the ability to handle execu- 
tive, managerial, and general business 
matters in addition to having tech- 
nical competence that distinguishes 
the professional man from the tech- 
nician or craftsman,” 

Today, engineers are assuming 
those greater responsibilities. The 
statistics of the Society bear this 
out. From 1933 to 1945 the Con- 
struction Division membership prac- 
tically doubled, increasing from 2,700 
to about 5,300 members. From 
1945 to 1952, the Division member- 
ship again more than doubled, reach- 
ing a total of more than 12,000. 

For purposes of comparison, it is 
of interest to give some figures for 
general Society membership. From 
1933 to 1945 the Society member- 
ship increased from some 15,250 
members to a total of 20,400, an in- 
crease of about 33 percent. From 
1945 to 1951 it rose from 20,400 to 
31,800, another increase of 55 percent. 
In startling contrast to the increase in 
the general Society membership is the 
increase in the number of members 
of the Society engaged in con- 
tracting. From 1933 to 1945 this 
increase was only about 20 percent, 
whereas from 1945 to 1951, the num- 
ber of ASCE members engaged in 
contracting increased by 320 percent, 
and now totals about 6,000. 

In addition, the number of con- 
tractor-engineers who have been ac- 
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tive in the Construction Division 
through the years should be noted. 
Among them are: W. J. Barney, J. P. 
H. Perry, Arthur S. Bent, A. P. 
Greensfelder, A. E. Horst, S. D. 
Bechtel, John W. Cowper, Charles 
H. Tompkins, Lester C. Rogers, and 
many others. These men are engi- 
neers who became leaders in the con- 
tracting business and most of them 
have been officers of AGC. It should 
be emphasized that the trend for 
engineers to rise into commanding 
positions in the construction industry 
reveals that there are broadening 
horizons for the civil engineer. 


Educators Cooperate 


Until recently, engineering educa- 
tion has lagged in the task of pre- 
paring young civil engineers for the 
construction field and the contracting 
business. In 1922, thirty years ago, 
only five courses in construction were 
being offered in engineering schools. 
Even ten years ago, there were only 
72 such classes, although there were 
45 different schools. At that time A. 
J. Ackerman, M. ASCE, then chief of 
engineering for Dravo Corporation, 
wrote that the schools were offering 
only “a smattering” of construction 
engineering. Such a situation existed 
even as late as 1942, although it has 
been estimated that 44 percent of all 
civil engineers ultimately become en- 
gaged in some phase of construction. 

However, educators now are rec- 
ognizing that the construction in- 
dustry is a field of opportunity for 
engineers. There seems to be more 
emphasis on construction courses in 
technical schools. More courses are 
being offered in building construction, 
methods and equipment, estimating 
and costs, contracting, labor re- 
lations, health and safety measures, 
and job management. Even de- 
signing engineers are being encour- 
aged to become cost conscious. Re- 
cently L. E. Grinter, M. ASCE, 
when he was vice-president of the 
Illinois Institute of Technology in 
Chicago, wrote of this tendency: 


Believing as we do that only economical 
design is good design, we also emphasize 
costs to a greater extent than any other 
college except the College of Business. 


It might be thought that the 
Institute was training general con- 
tractors! 


Contractors Cooperate 


The construction industry is taking 
more than a passive interest in this 
trend. A few years ago, the Caro- 
linas Branch of the AGC raised a 


$100,000 endowment fund so that the 
North Carolina State College of 
Agriculture and Engineering in Ra- 
leigh could institute a curriculum 
leading to a degree in construction. 
In many communities, other AGC 
chapters are collaborating with en- 
gineering schools to initiate construc- 
tion classes, and several chapters of 
AGC offer scholarships to promising 
engineers for additional study in con- 
struction. 

These are good moves and the in- 
dustry will benefit from them. 

There is another even more authen- 
tic reason to believe that the future 
for civil engineers in construction is 
bright—because the future for con- 
struction itself is bright. Just before 
World War I, construction volume in 
the United States was about 5 billion 
dollars. Last year, it topped 39 
billion dollars to become the nation’s 
largest single industry. 

The ASCE was born in an age of 
virgin opportunities. A whole coun- 
try lay before it relatively undevel- 
oped. In 1952 contractors envision 
a fertile future for their industry. 
The need for construction today 
dwarfs the need of 1852. The United 
States is now highly developed, but 
it is going to be fantastically great 
tomorrow. 

There is a tremendous job ahead 
for builders. According to the U. S. 
Public Health Service, at least 7,000 
new waste treatment plants—more 
than one billion dollars worth of 
work—are necessary. According to 
the U.S. Office of Education, 600,000 
classrooms—about 15 billion dollars 
worth of work—are required. Ac- 
cording to the Corps of Engineers and 
the Bureau of Reclamation, at least 
SO new dams under the Pick-Sloan 
Plan alone—about 4! billion dollars 
worth of work—will be called for. 
According to President Harry S. 
Truman, atomic energy installations 
which would cost about 5 billion 
dollars are needed. According to the 
Defense Electric Power Adminis- 
tration, power plants costing 12 
billion dollars will have to be built in 
the next three years. 


Bright Future for Construction 


It is difficult to predict the billions 
that will be spent by private industry 
for new plants, by states and cities 


for public works, and by the armed 
forces for a continuing defense pro- 
gram. No wonder the Bureau of 
Labor Statistics in its recent volume 
on employment opportunities calls 
the occupational outlook in the con- 
struction industry ‘‘decidedly good!”’ 

It would be unfair to survey the 
long-range future of construction 
without recognizing the disconcerting 
possibilities of the next few years. 
Peacetime construction has already 
been deferred temporarily, but only 
because a bigger job—the defense 
buildup—is necessary. There is no 
doubt that civil engineers distin- 
guished themselves during World 
War II and can be depended on to 
repeat, if necessary, what has since 
become known as an American mir- 
acle. 

Speaking of that phase of the last 
war effort, a few years ago, Chief of 
Engineers Gen. Eugene Reybold, M. 
ASCE, reported: 


By the war’s end, it was evident that 
American construction capacity was the one 
factor of American strength which our 
enemies most consistently underestimated. 
It was the one element of our strength for 
which they had no basis for comparison. 
They had seen nothing like it. 


If the United States faces such 
grave danger again, the need for civil 
engineers to repeat construction mir- 
acles will be greater than ever. Es- 
sential at all times, engineers will be 
doubly so then. 

In addition to the practical oppor- 
tunities already mentioned, there are 
other, intangible rewards, little 
spoken of but always recognized. 
More than weekly checks and pro- 
fessional advancement are in store 
here. There is the satisfaction of 
seeing ambitious plans turned into 
ribbons of concrete highway, tall 
buildings, solid dams, and _ long, 
beautiful bridges. In these achieve- 
ments the engineer finds himself in a 
key position. He sees the rough, un- 
developed site and the attractive 
finished product and knows that he 
has been instrumental in that trans- 
formation. He finds new challenge 
in each project and discovers the joy 
of cracking hard problems. 

It is to these rewards that the con- 
struction industry invites the civil 
engineer. 





(This article is based on Mr. Winkelman’s address before a joint session of the 
ASCE Construction Division and the Associated General Contractors of America, 
Inc., at the Centennial Convention in Chicago.) 
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On earth-moving job near Lewisville, Tex., modern 
Caterpillar carrying scraper averages 22 to 25 cu yd per 
trip on 6,500-ft haul from borrow pit to fill. 


a “aT PS al Bf bs. al la Sy" , 
a ERE ont cae 
Seana”) Se ae? 


Compaction is accomplished on Shirley Memorial Highway below Alex- 
andria, Va., with big Le Tourneau sheepsfoot rollers (June 1946). 


Grading on Shirley Memorial Highway below Alexandria, Va., is being done 
(June 1946) by new-type Euclid loader. 


World’s 





best hi 


Development and skillful use of 
modern construction equipment has 
permitted the United States to build 
by economical methods the world’s 
best system of highways. The ex- 
tensive use of the automobile by 
Americans in their daily lives and the 
great area of this country have 
created the tremendous demand for 
improved roads. 

This need has been met by much 
pioneer work on the planning, design, 
and construction of highways. No 
small part of this pioneer effort has 
been devoted to the development of 
more satisfactory construction 
machinery and the more effective use 
of this equipment. The continuous 
upward spiral of wages and the con- 
tinuous increase in highway engi- 
neering standards and specifications 
have demanded increased mecha- 
nization. Asa result of these several 
factors, America’s highway contrac- 
tors are now using equipment and 
methods that are attracting world- 
wide attention. 


World Records Established 


Only through mechanization could 
such outstanding accomplishments as 
the world record for the continuous 
placing of concrete have been accom- 
plished. This record was made when 
26,700 cu yd of concrete for the seal of 
the east anchor pier of the new Dela- 
ware Memorial Bridge was placed in 
7.4 days. Another outstanding rec 
ord was the construction in 1950, by 
one paving crew, of 4,700 lin ft of 11-ft- 
wide concrete pavement in one day, 
and the construction by a number of 
contractors of the 118-mile 255-mil 
lion-dollar New Jersey Turnpike in 
two years. The New Jersey Turn- 
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pike included 52,000,000 cu yd of 
earthwork, more than 260 structures 
(of which 5 were major bridges), and 
7,000,000 sq yd of pavement. 

Because these accomplishments 
have been made possible by the many 
recent advances in highway con- 
struction equipment, it is appropriate 
to review the development of such 
equipment and its influence on road- 
building methods. The development 
of today’s economical construction 
methods cannot be credited to any 
one group; rather it is the result of 
the combined efforts and cooperation 
of the engineering profession, public 
officials, the manufacturing industry, 
equipment distributors, producers of 
materials, labor, and the contracting 
profession. 

This joint effort has paid big divi- 
dends and without it, the cost of high- 
ways would be prohibitive. The 
ingenuity and cooperation of all sez- 
ments of the highway industry have 
been necessary to provide the tremen- 
dous mileage of American highways 
with the limited funds that have been 
available. 

The changes in road construction 
equipment in the past 50 years have 
been revolutionary. Turning back 
the pages of history, we find the fol- 
lowing highlights. One of the first 
machines built especially for highway 
construction was the roller to aid in 
compaction. Some rolling equipment 
may have been used in constructing 
the Roman roads, but the first major 
practical application of rolling equip- 
ment appears to have been made by 
French engineers in 1829. The first 
recorded application in England was 
soon after. 

In 1865 a steam roller was designed 


and built by Gellerat & Co. of Paris, 
France. The first steam-powered 
three-wheeled roller manufactured in 
the United States was manufactured 
in the 1880's by the Harrisburg Foun- 
dry and Machine Co., Harrisburg, Pa. 
Tandem rollers were developed about 
the same time. In 1908 the Kelly- 
Springfield Co., Springfield, Ohio, 
designed and built the first gasoline- 
powered tandem roller produced in 
the United States. Today we take 
for granted the excellent American- 
made rollers, which feature four 
speeds forward and four in reverse, 
high-speed transmissions, low-pres- 
sure hydraulic steering systems, all- 
welded steel frames, and high-speed 
heavy-duty engines, either gasoline or 
diesel. 


Self-Loading Cart Patented in 1850 


A U.S. patent on a self-loading cart 
was issued as early as 1850, and U. S. 
patents were granted for wheeled 
scrapers in 1884. The earliest type 
of carrying scraper did not appear 
until after 1900. About 1924 the 
self-propelled scraper was placed in 
service. A U.S. patent for a road 
grader was issued as early as 1855. 
This was to A. Kimball. In 1863 
another was issued to C. W. Pisgah of 
Ohio. 

What may have been the first fac- 
tory-produced American blade grader 
was constructed in 1879 by the 
Western Wheeled Scraper Co., of 
Fairfield, Iowa. A curved blade was 
suspended beneath a conventional 
wagon box and large hand levers were 
employed to raise and lower the blade. 

A steel-frame, _reversible-blade 
grader was manufactured in 1888 by 
the F. C. Austin Co., Chicago, Ill. 


CIVIL ENGINEERING @ September 1952 


stem produced by modern equipment 


A. N. CARTER, A.M., ASCE, Monager, Highway Division, Associated General Contractors of America, Inc., Washington, D.C. 


However, not until 1922 or perhaps 
shortly before, were rubber tires used 
on graders, and in 1924 the self-pow- 
ered grader appeared. In 1927 the 
first dual-drive power grader was pro- 
duced at Harvey, Ill. Roughly ten 
years later, the all-wheel drive and 
all-wheel-steer power grader was in- 
troduced. 

One of the first bulldozer blade at- 
tachments in this country was used at 
about the turn of the century on a 
project of Foley Bros., pioneer rail- 
road builders. This firm attached an 
improvised bulldozer blade to a 
steam-traction engine. In 1915 the 
Western Wheeled Scraper Co. was 
manufacturing what was perhaps the 
first factory-built bulldozer. It was 
operated with the power from two 
horses or mules. 

More than 100 years ago the first 
power shovel was built, a crude rig 
powered by steam, in tremendous 
contrast to today’s shovels, which 
include a Marion crawler-mounted 
unit handling a 50-cu yd _ bucket. 

The earliest American self-laying 
track-type tractors appeared soon 
after 1900. One of the first was con- 
structed at Stockton, Calif., about 
1905. That machine moved in a 
manner suggesting a crawling cater- 
pillar; hence the name “caterpillar” 
tractor, which was registered as a 
trademark and has become world 
famous. 

Thus, we see that this century was 
well advanced before the appearance 
of what we call modern equipment. 
But then things began to happen fast 
and American equipment was revolu- 
tionized. In the twenties the use of 
horses and mules for power was re- 
placed by the gasoline engine. 


(Vol. p. 629) 45 



























































































































































FIG. 1. 





In the early thirties construction 
costs were further reduced by sub 
stituting diesel power for gasoline 
In the late thirties costs were lowered 
still more by the use of rubber tires, 
the development of rigs of greater 
speed, the improvement in ease and 
safety of operation, and the produc 
tion of units of greater capacity. 

As more types of equipment were 
developed and placed in_ service, 
standardization became a problem. 
The Associated General Contractors 
of America, in cooperation with other 
groups, has worked hard on this job. 
Much of the early work was aimed at 
standardization of concrete mixers. 
The first standards officially spon- 
sored by the AGC were published in 
1924. Before that time, the deter 
mination of size was left to the manu 
facturer. It is recorded that there 
were some 20 different sizes of build 
ing mixers and 10 different sizes of 
paving mixers. The cost of produc 
ing such a line is obvious, and the 
promotional efforts of the manufac- 
turer were often more confusing than 
instructive. Since then there have 
been 20 revisions of these standards. 
The spacing of sizes is so designed 
that one size takes up where another 
leaves off, and there are no needless 
intermediate sizes. The manufac- 
turer must guarantee a certain mini- 
mum capacity under standard rating 
conditions. 

Similar standardization has since 
been applied to numerous other types 
of contractor's equipment, such as 
self-priming centrifugal pumps, 
shovels, cranes, truck mixers, agita- 
tor trucks, and air compressors. 





Equipment Improvements Still Needed 


Despite the many important im- 
provements made in_ construction 
equipment in recent years, contrac- 
tors are seeking additional progress. 
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Advancements they would like to see 
include: 

More flexible equipment 

More refinements on equipment 


Higher speed in machines 


quipment that is easier on the operator 


‘nits that can produce for longer 
periods without shutdowns for repair 
or maintenance, other than routine 
maintenance 


Machines of lighter weight 


Units requiring fewer operators, in view 
of the high wages paid today’s skilled 
and unskilled workers on highway con- 
struction 


Greater ease in maintenance and repair 
of equipment 


Greater standardization of repair parts 
and of the actual equipment itself 


Mechanization, combined with the 
resourcefulness of engineers, equip- 
ment manufacturers and contractors 
and their zeal to complete each proj- 
ect more quickly and at reduced 
costs has resulted in development of 
the world’s greatest highway system. 
The highway engineering profession 
is to be congratulated on the spirit 
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Index for common highway excavation is compared with average unskilled wage rate. 


with which it has tried new materials, 
improved designs and introduced 
scientific methods. Great credit also 
is due the contracting industry. A 
few decades ago construction methods 
were crude and simple, and the pre 
mium for good management was not 
too high. 

With today’s huge investment in 
equipment, high wage rates for all 
crafts, and high standards of perform 
ance set by the engineers in charge, 
contracting management demands 
top-caliber superintendents and proj 
ect managers. Without such people 
the contractor is soon out of business. 
The low cost of highway construction 
over the years proves that both 
engineers and contractors have met 
the challenge successfully. 

When engineers of the U. S. Bureau 
of Public Roads were asked to com 
ment on the influence of the use of 
equipment on highway construction 
costs, as revealed by the Bureau's in 
dex for excavation, they reported as 
follows: 


Since the Bureau's index was started we 
have made a continuous study of the con 


Below: This horse-drawn elevating grader 
was watched at work by sidewalk superin- 
tendents in Davenport, Iowa, about 1900 
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tractors’ cost as determined by wage rates 
and the price of equipment and materials, 
plus other factors. Over the years there 
has been a continued rise in labor rates, in 
the price of equipment and materials, and 
in the contractors’ overhead. If these in- 
creases had not been offset by the develop- 
ment and skillful use of modern construc 
tion equipment, road excavation costs today 
would be about three times as great as they 
wctually are. 


This is borne out by the price trend 
for common excavation. The Bureau 
of Public Roads index, started in 
1922, is based on the average of all 
federal-aid projects awarded by all 
the state highway departments. The 
base period for the BPR index is the 
five years 1925 through 1929. The 
composite mile is assumed to require 
17,491 cu yd of excavation, 3,726 cu 
yd of paving, 16,000 Ib of structural 
steel, and 68 cu yd of structural con- 
crete. 

The Bureau’s index shows that in 
the 18-year period 1922 to 1940 com- 
mon excavation costs were reduced 
continuously, as shown by the accom- 
panying graph, Fig. 1. In the early 
1940's construction prices had to rise 
as a result of the impact of World War 
II, greatly increased wage rates, 
higher prices for materials, shortage of 
equipment, and decreased efficiency 
of labor. However, the national 
average for common excavation for 
the calendar year 1951 is lower than 
that for 1923, the second year of the 
Bureau’s index. The index figure for 
the calendar year 1923 was 133.3, and 
that for the calendar year 1951 was 
111.3, or 15.2 percent lower. 

The continued decrease in the cost 
of common excavation was obtained 
despite the continued increase of re- 
finements in specifications and engi- 
neering designs 

In contrast to the reduction of the 
cost of common excavation, wage 
rates on road work climbed contin 
uously during the same vears. Table 


Below: 


Public Reads Photos 





Early horse-drawn blade graders were of light weight. 
Curved blade was suspended beneath conventional wagon box and 
was raised and lowered by large hand levers. 


I, which was supplied by the BPR, 
gives the average hourly wage rates 
for unskilled labor on all federal-aid 
projects. The national average, 
which was $0.38 for 1923, in 1951 had 
skyrocketed to $1.27, an increase of 
243 percent. Moreover, today skilled 
labor is used on many operations on 
which unskilled labor was employed 
in the past. The variation in the 
highway excavation index as com- 
pared with average unskilled wage 
rate also is shown in Fig. 1. 

Unfortunately, data regarding 
wage rates for skilled workers are a- 
vailable for only the past five years. 
The rates for these years, as taken 
from BPR records, are included in 
Table I. The table shows that, while 
the skilled-labor rate rose 28 percent 
in the last five years, unskilled rates 
jumped almost 40 percent. 

Today, America’s highways are 
woefully inadequate for the country’s 
road construction needs, placed at be 
tween 40 and 60 billions of dollars. 
Indications are that the American 
highway user is willing to invest more 
for highway improvements, as proved 
by the fact that additional financing 
for road construction at the state level 
has been secured in more than 30 
states since 1945. The outlook for 
an increased road program is bright, 
but close cooperation of all groups 
interested in road construction will 
be required if the job is to be accom- 
plished effectively. 

America’s highway contractors, 
by working through their state organ- 
izations and the national office of 
AGC, are continually striving to de- 
velop more economical construction 
procedures and practices. Much of 
this work is being accomplished 
through cooperative committees set 
up jointly with other organizations. 


Cooperation Pays Dividends 


For example, much of the work of 
the Joint Committee of the American 


Type shown was 
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used at Geneva, N.Y., in 1898. 
in 1924. Below: Residents of Jackson, Tenn., saw this crew in ac- 
tion about 1903, using early distributor for bituminous material. 
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TABLE I. 
Average Wage Rates per 
Hour on Federal-Aid Highways 


CALENDAR HOURLY CALENDAR Hourty 
YEAR RATE YEAR RATE 


For Skilled Labor“ For Unskilled Labor 


1947 $1.68 Continued) 
1948 1.82 1935 $0.41 
1949 4 1936 0.40 
1950 2.03 1937 0.40 
1951 2.25 1938 0.40 
1939 0.42 
For Unskilled Labor 
1922 $0 32 1940 0.46 
> ar 141 0.48 
1924 0 39 1942 0.58 
1925 0.38 1943 0.71 
1926 0 38 1944 0.74 
1927 0.39 1945 0.78 
1928 0.40 1946 0.83 
1924 0.39 1947 0.91 
1930 0.39 1948 1 02 
193] 0 36 1949 1.13 
10382 0 32 1950 1.19 
1933 0.38 1951 1.27 
1934 0.42 


* Data available for five years only. 











Society of Civil Engineers and the 
AGC pertains to highway construc- 
tion. The ASCE representatives in- 
clude a nationally known highway 
consulting engineer. The AGC 
members include two highway con- 
tractors both of whom have served as 
national presidents of AGC, plus two 
members from firms that do extensive 
highway work. 

The work of the ASCE-AGC Joint 
Cooperative Committee has included 
projects aimed at securing: 


|. Better salaries for engineers, par 
ticularly those employed by state highway 
departments and other highway agencies 
2. Better training for student engi 
neers through improved courses dealing 
with construction and summer employ 


Self-powered grader appeared 
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Horse-drawn, end dump wagons of this 
type were being used as early as 1896. 
This rig was employed on “‘object-lesson 
project’ of what is now U. S. Bureau of 
Public Roads at Geneva, N.Y. 


ment by contractors on construction 
projects 

3. Improved specifications and plan 
ning for all types of construction, includ 
ing highway work 

4. Allotment by 
sufficient supplies for construction pro 
grams of major importance to the na 
tional economy and to national defense, 


particularly highway transportation 


defense agencies of 


The AGC also works closely with 
highway engineers throughout the 
country to secure more economical 
construction practices and methods. 
This program is spearheaded by the 
Joint Cooperative Committee organ 
ized in 1921 between the American 
Association of State Highway Officials 
and AGC. Some projects of this 
group are similar to those with the 
ASCE, but in addition include con 
tinued work to secure more satisfac 
tory public relations programs in con 
nection with highway operations 
Also, considerable work has been done 
to obtain more uniformity in state 
regulations regarding the transpor 


1. Permit the contractor free use of new types of equipment. 
2. Be sure land is available and the job ready for the con- 
tractor to move in and start work when bids are opened. 


3. 
also reduce the cost of materials.) 


Use local construction materials to a maximum. (This will 


tation from job to job of large road- 
building machines. When increased 
uniformity is obtained, benefits to the 
contractor will follow, and he in turn 
will be able to submit lower bids, and 
the state departments to secure more 
economical prices. 

Contractors are cooperating with 
highway departments on a program 
to obtain constitutional amendments 
to protect highway user funds for 
highway improvements. Such amend- 
ments are still needed in 25 states. 

The AGC works closely with the 
U.S. Bureau of Public Roads and the 
Highway Research Board in an at- 
tempt to develop better and more 
satisfactory construction procedures 
and practices 

Joint cooperative committees be- 
tween the AGC and both the Asso- 
ciated Equipment Distributors and 
the Construction Industry Manufac- 
turers Association have been in opeta- 
tion for a few years. Cooperation 
with AED and CIMA is aimed at se- 
curing improved equipment for all 
types of construction operations and 
in making most effective use of that 
now available. Much has been done 
to standardize procedures for pur- 
chase and distribution of replacement 
parts, to fix the rated capacities of 





address that studies by his staff 
showed that generally the contrac- 
tor’s investment in equipment on a 
road job was about 90 percent of the 
amount of the contract. In other 
words, on a $100,000 job he might 
be using $90,000 worth of equipment. 

Because of the contractor’s large 
investment in equipment, a few sug- 
gestions are listed [in box below] as to 
steps that might be taken by highway 
engineers and officials to permit con- 
tractors to operate more effectively 
and thereby submit lower bids to 
awarding agencies. 

To conclude, a tremendous chal 
lenge lies ahead to meet America’s 
highway needs. It is the belief of the 
AGC that the civil engineering pro- 
fession and the construction industry, 
through cooperative effort, will meet 
that challenge in a commendable 
manner and thereby make America a 
stronger nation and a better country 
in which to live. 

In the preparation of this paper 


M. 


many sources were used for back fath 
ground data. These include Engi stru 
neering News-Record, The Constructor, bud 
The Virginia Road Builder, Excavating of C 
Engineer, Roads and Streets, Ci1vit Mil 
ENGINEERING, and other publications. tern 


Numerous texts were also reviewed had 
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4. Prepare designs that will permit maximum use of the 
splendid construction equipment now available. 

5. Cut hand labor to a minimum. 

6. Award programs in contracts of various sizes. 

7. Work for greater standardization of design so as to obtain 
savings, for example, through the use of the same type of bridge 
forms in neighboring states. 

8. Use specifications without revision for as long a period as 
feasible and practicable; that is, do not change the general speci- 
fications each year, and when they are revised, obtain the contrac- 
tor's suggesti by contacting his state organization. 








different equipment, and to passalong and Tools of the Earthmover-— Yester- heat 
to manufacturers the suggestions of day and Today, by J. L. Allhands boo: 
contractors on how the design of (Sam Houston College Press), proved ritot 
various machines might be improved. especially helpful. Also, much as- _D 
In the work of all the joint coopera- sistance was secured from the Bureau Sim] 
tive committees, the aim has been to of Public Roads. Sincere thanks are bor: 
get the maximum benefit from every extended to all those that so kindly the 
construction dollar. gave their assistance. oe 
eel, an a ee dea 
i he : highway “ -necaggenons! S eect (This article was prepared from the paper to b 
ment in construc tion equipment 1S by Mr. Carter presented at the joint session of tise 
large. Commussi mer Thomas H. the Construction and Highway Divisions, pré bas. 
MacDonald of the Bureau of Public — sided over by DeWitt C. Greer, M. ASCE, at and 
Roads not long ago stated in a public the Centennial Convention in Chicago. ) bef 
fath 
mat 

=a ———— 
Methods to Speed Construction and Lower Costs ; € 
we 
9. Make the specifications of neighboring states as uniform as con 
possible. Contractors see no need for one state to specify that all bee 
batches of concrete be mixed for at least two minutes and a nearby im é 
state to specify a one te mini mixing period. any 
To 
10. Utilize to the fullest extent each year's construction season a . 
so as to permit maximum use of the contractor's equipment and afte 
personnel, and thereby get better prices. 7 
11. Endeavor to set up a balanced construction program. For sm 
example, if a highway department schedules a large volume of mu: 
black-top work for one year and none the next, it will be difficult for abil 
the construction industry to keep in step, and higher prices will and 
result, Cisi 
12. Pay the contractor promptly for completed work and reduce sor’ 
to a mini the retained percentage on partial payments; the gen 
financial responsibilities of the contractor are extensive. at 
loa 
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LESTER C. ROGERS, M. ASCE 


President, Bates and Rogers Construction Company, Chicago, Ill. 


Labor-management problems 


in the construction industry 


More than a century ago, when my 
father’s grandfather started the con- 
struction of the first lighthouse for the 
budding lake port eighty miles north 
of Chicago, now the thriving City of 
Milwaukee, Wis., that hyphenated 
term “labor-management relations’’ 
had never been thought of, much less 
heard, in the sparsely settled and 
booming area of the Northwest Ter- 
ritory. 

Doubtless Great-grandfather Jake 
simply picked out a few of his neigh- 
bors whom he knew were skilled with 
the saw and square, the stonecutter’s 
tools, or the No. 2 shovel, made a 
deal with them, and all went to work 
to build a lighthouse. ‘‘Jurisdictional 
disputes,’ another unheard-of phrase 
and unknown problem, were settled 
before they arose by great-grand- 
father’s assignment of the tasks each 
man was to do. 


Good Labor Relations Essential 


Close and sound relationships be- 
tween management and labor in the 
construction industry have always 
been essential. Construction, except 
in a very few limited areas, is not in 
any way a line-production or factory 
process where the artisan performs 
exactly the same task day after day 
after day. 

Therefore in this field, whether in a 
small concern or a large one, reliance 
must be placed at all times on the 
ability of the individual craftsman 
and the foreman to make quick de- 
cisions with good judgment in all 
sorts of constantly developing emer- 
gencies ranging from minor matters 
to crucial dangers. 

The crane operator swinging large 
loads in a high wind, the steel gang 
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setting and fastening the framework 
of bridge or building high above the 
ground, the sandhogs burrowing away 
below the surface in water and muck 
held back only by the pressure of 
compressed air and the know-how of 
the men, the tractor operator ‘‘doz- 
ing’ a trail along the edge of the cliff, 
the carpenter throwing in bracing 
when rain-softened earth loses its 
stability—all these men _ together, 
and each of them separately, have in 
their own hands in large measure the 
ability to make a success or a failure 
of that particular contract. Thus 
mutual respect, good relations, and 
above all, intelligent understanding 
between management and labor in 
construction are of the greatest im- 
portance. 

In the early years of this country’s 
history the relation of manager to 
labor was in large degree that of a 
supposedly benevolent despot with 
a paternalistic interest in his work- 
men which covered both his trade and 
his morals. 

The carpenter apprentice was 
bound out in his middle teens for a 
five-year period to learn from _ his 
master ‘‘the art, trade, or mystery of 
house carpentry.’’ While he was ab- 
sorbing the “‘mysteries’’ of his trade, 
the young man was prevented by the 
terms of his indenture from playing 
cards, dice, or any other “unlawful” 
game. Ale houses, taverns, and gam- 
ing places were not to be frequented. 
Nor was the apprentice to marry dur- 
ing the period of his indenture. And 
to quote, 

“Nor shall he commit any acts of 
vice or immorality which are forbid- 
den by the Laws of the Common- 
wealth; but in all things, and at all 
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times, he shall carry and behave him- 
self towards his said Master, and all 
others, as a good and faithful Ap- 
prentice ought to do.” 

In return for this exemplary con- 
duct, the master contracted to teach 
the apprentice as long as he could 
learn, and to provide him with suit- 
able clothing, board and lodging, two 
washings per day, three months of 
schooling in the evenings of the winter 
months, and a set of carpenter tools 
when he completed his indenture. 

But the men who had risked so 
much to come to the shores of this 
new continent were independent souls 
who believed in the inherent worth 
and dignity of the individual and who 
wanted freedom from domination, 
whether paternalistic or tyrannical. 


Early Efforts to Organize 


Faint stirrings of opposition to the 
authority of the contractor appeared 
in attempts of the master carpenters 
in Philadelphia to organize for the 
purpose of fixing wages and enforcing 
a closed shop, even before the Declara- 
tion of Independence was written. 

In 1802, the carpenters of Savannah, 
Ga., petitioned the legislature to in- 
corporate them into a union so that 
they would have ‘equal level and 
recognized social footing with others.” 

A few decades later, as the nation 
grew, men of great courage and skill 
were pioneering with the same spirit 
of independence in the development 
of an industrial establishment which 
was to make the United States unique 
among the nations of the world. 
These giants of industry and finance 
believed completely in free enterprise 
and their own individual freedom to 
follow whatever course of action in 
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their judgment would bring financial 
success. The only “social security’ 
they wanted was that which came by 
the sweat of their brow, the hardness 
of their nerve, and the skill of their 
hands and brains. 

In their drive for success, many of 
them were ruthless in their tactics 
with the public, with their competi 
tors, and most important, with their 
own labor. Decency, fair dealing, 
and human rights were frequently 
brushed aside in the mistaken idea 
that men who worked with their 
hands were made of clay inferior to 
that of the manager. Many an 
owner believed that the great finan 
cial risks he took could legitimately 
be passed on to, and squeezed out of 
labor for, after all, had he not de 
veloped the jobs which the men held? 

The changing atmosphere of this 
young country from that of agricul 
ture to that of urban industrialism 
brought about a more complicated 
and, of necessity, a more highly or 
ganized society. The limitations of 
urban life brought problems in un- 
employment. The craftsman, out 
of a job, could not go back to work 
ing his few acres or find a place on his 
neighbor's farm as he could in the 
smaller agricultural communities. He 
was forced to rely on his own meager 
savings, or on charity probably grudg 
ingly given. His pride was injured 
and his sense of justice aggrieved. 

Belief in a man’s individual free 
dom and constitutional rights was 
not the sole property of owners and 
of management. With these many 
developments and changes in the so 
cial and economic structure of the 
nation, champions of the working 
man arose to challenge the industrial 
might and to claim rights for labor 

rhus, even while great-grandfather 
and his neighbors were setting the 
masonry for the lighthouse in the free 
country atmosphere around the little 
lake village of Milwaukee, the pres 
sures of city life and the effects of the 
early stages of the industrial revolu 
tion were starting a pattern in the 
seacoast cities such as Boston, New 
York, and Philadelphia, that would 
in time cover most of the nation. 

The large construction labor unions, 
as we now know them, came into 
being largely in the last quarter of 
the nineteenth century, and followed 
the English pattern of organization 
by craft. In 1881 they banded to 
gether to form the American Federa 
tion of Labor. A year later Samuel 
Gompers was elected president of this 
Federation. No more useful mental 
exercise and philosophical study, and 
no more practical wisdom could be 
recommended to the leaders of labor 
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today than that they study carefully 
and often the tenets of the labor union 
policy of Samuel Gompers, especially 
with reference to labor’s position in 
the political arena. 

The growth of the unions was a 
slow and painful one for many years, 
fraught with violence, lawlessness, 
and bloodshed. Fearless and reckless 
men on both sides spurred on the bat- 
tle, each group firm in the belief that 
its rights and its freedoms were being 
jeopardized and usurped. 


Labor Under New Deal 


The mushroom development of the 
unions occurred, of course, with the 
depression and the advent of the New 
Deal with its drive for voting power 
and its unscrupulous and dangerous 
pitting of class against class. Al- 
though the New Deal worked most 
closely with the leftish mass unions, 
the pace set by these mass unions and 
the pressures developed thereby in 
the rank and file of all workers forced 
the leaders of the more conservative 
crafts unions to fall in line if they 
would not lose their leadership to 
more radical factions. 

Furthermore, under the New Deal, 
the Federal Government became the 
chief buyer of construction through 
direct contracts by its various agen- 
cies and through subsidies to the 
states. Since the New Deal was de- 
termined to advance unionism, the 
Federal Government stipulated in its 
contracts and subsidies that the wage 
regulations and job requirements 
should be the union wages and union 
regulations of the areas. The pen- 
dulum of power had now swung far 
in the opposite direction from the 
days of the eighteen nineties. 

Some contractors do not employ 
union labor, but the great bulk of 
those who work in and around the 
large centers of population and those 
who handle large public works con- 
tracts at first were forced to, and now 
in many cases do, use union labor 
preponderantly. 

Every major economic and social 
trend, such as the growth in strength 
and numbers of union organization, 
has both good features and bad 
features. Mainly in the early days, 
the growth of the unions tended to 
improve the standard of living of the 
working population. To many con- 
tractors the existence of a pool of 
craftsmen, assembled and available 
through union offices in the larger 
cities, has been a decided advantage. 
Furthermore, while there always have 
been, and always will be, many irri- 
tations and dissatisfactions in dealing 
with and working through union or- 





ganizations, it probably can be said 
that these same irritations and union 
demands for high wages have had 
some tendency to make construction 
management more efficient and more 
resourceful in an effort to keep costs 
within a competitive range in the face 
of high labor rates and expensive 
working rules. 


Jurisdictional Disputes 


On the other hand, there are seri 
ous defects in the situation. There is 
no need to outline the unfortunate 
aspects of the alleged domination of 
the individual and his output in 
some areas, nor to point out the eco 
nomic waste resulting from feather 
bedding rules of which some trades 
are accused. The fact that each in 
ternational union is a collection of au 
tonomous locals often makes it dif 
ficult for the international to main 
tain discipline in all locations. 

By far the worst problem which has 
arisen to plague the owner, the con 
tractor, and the unions as well is that 
of jurisdictional disputes. These re 
sult from technological developments, 
the introduction of new materials, 
new methods, new machinery, and 
similarity of job types, combined with 
the not unnatural struggle by union 
officials and their unions to seize every 
class of work which, by any stretch 
of the imagination, they can argue 
should be handled by their particular 
craft. For example, untold thou 
sands of dollars were lost thirty years 
ago by workers, contractors, and own 
ers over the question of whether 
sheet-metal workers, iron workers, or 
carpenters should place the then new 
metal trim and corner beads which 
were being substituted for wood. 

The recent use of steel mesh in 
walls as a backing for plaster, and in 
floors as a support and reinforcement 
for concrete, brings the lathers and 
the iron workers into conflict. What 
shall govern —the nature of the mate 
rial, or the use to which it is put? 

Carpenters and laborers long fought 
over the right to strip forms from con 
crete work. The struggle between 
the electrical workers and the iron 
workers for the erection of steel trans 
mission towers over many miles of 
new power line construction has been 
a bitter one. 

These disputes, because of the size 
and power of the various interna 
tional unions which are involved, 
become a battle of giants which not 
only consume the time and the capital 
of the owner and the contractor but 
take many pay checks from the 
pockets of the craftsmen, who can 
least spare the money. Also, with 
the growth of the C.I.O. unions 
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containing construction maintenance 
crews ready to perform without inter- 
union disputes, these jurisdictional 
battles are endangering the very fu- 
ture of the craft unions. 

The actual jurisdictional rights of 
the nineteen international unions in 
the construction field are the result of 
the initial grant by the American Fed- 
eration of Labor itself, made when 
each union joined the Federation, 
plus various interpretations which 
have been agreed on from time to 
time by two or more unions as ques- 
tions arose. These rights are held 
sacred by the individual unions. 

In the years gone by, the settle- 
ment of jurisdictional disputes was 
considered by the unions to be en- 
tirely within their own purview. All 
efforts by contractors or owners to 
take part in jurisdictional settlements 
were refused, except in three localities. 
The Building and Construction 
Trades Department of the American 
Federation of Labor attempted to 
work out settlements on its own 
through a national board, which it 
had established, and later by “spot 
decisions,” or one-job decisions, by 
the president of the Building and 
Construction Trades Department. 

However, the American Federa- 
tion of Labor is organized so that 
each international union is a sovereign 
power, and in forming the Building 
and Construction Trades Department 
within the Federation, the nineteen 
international unions involved granted 
to the Department only certain 
limited authority. This same situa- 
tion holds true with the overall au- 
thority of the American Federation 
of Labor itself. 

Therefore, the necessary power to 
enforce jurisdictional decisions which 
had been or might have been made 
simply did not exist. For this rea- 
son, and because of the constant inter- 
play of the great forces of internal 
politics among the unions, decisions 
were delayed and sidestepped with 
great frequency. The matter seemed 
almost impossible of solution. 

It has frequently been proposed 
that the easy solution of this unsatis- 
factory condition is to turn to the 
non-craft, C.I.O. type of organiza- 
tion, but this involves the probable 
loss of valuable features of the 
existing status. For example, there 
is a pride of craftsmanship developed 
in the apprentice training and from 
experience through the years. It 
may be argued that such pride no 
longer motivates the craftsman, but 
unbiased examination will show that 
it does exist, that it is worth while, 
and that it should be encouraged and 
developed rather than discarded. 


As we have already pointed out, re- 
liance on the craftsman in construc- 
tion—on his skill, experience, and in- 
tegrity—is a fundamental necessity. 

In the past, in only three cities— 
Boston, New York, and Chicago— 
have the international unions recog- 
nized local settlements of jurisdic- 
tional disputes by local boards com- 
posed of union and contractor repre- 
sentatives, as binding on the local 
and international unions. The local 
boards in these cities have handled 
the problem with great skill for many 
years and have never conflicted with 
the previous national decisions which 
had been made. 

The great swing of the pendulum 
from the side of the giants of industry 
at the end of the nineteenth century 
to the side of the giants of labor un- 
ions within the last two decades, 
brought with it the same opportuni- 
ties and the same tendencies for abuse 
of power. The American citizen, 
though, still can and does rebel 
against undue concentration or mis- 
use of power in any segment of soci- 
ety. 

In an attempt to control the situa- 
tion, in 1947, Congress passed the 
Labor Management Relations Act, 
usually known as the Taft-Hartley 
Act. This law defined unfair labor 
practices in such a way that it became 
a necessity for labor and advisable 
for management to join together in 
an attempt to solve the problem of 
jurisdictional disputes. 

The law made it an unfair labor 
practice in a jurisdictional dispute 
involving a contractor and two unions 
for any two of the parties to the dis- 
pute to decide the assignment of the 
work in question. Such action in 
effect would coerce the third member 
either into doing the work or not do- 
ing it and such coercion 1s illegal. To 
assign work legally, prior agreement is 
necessary between all parties that 
each and all would be bound by any 
decision mutually decided on. 


Joint Board Is Helpful 


Thus the industry and the unions, 
it might be said, by a process of arti- 
ficial insemination conceived and, af- 
ter two years of severe and protracted 
labor pains, brought forth the Na- 
tional Joint Board for Settlement of 
Jurisdictional Disputes. The Joint 
Board is composed of representatives 
of construction employers and labor 
working under an impartial chairman 
chosen by the two groups. Although 
the Joint Board has no legal authority 
in itself, the National Labor Rela- 
tions Board recognizes the special 
competence of the Joint Board in 
settling jurisdictional matters and 
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would doubtless confirm its decisions 
in the great majority of cases, were an 
aggrieved disputant to carry the case 
to the top board. 

The bible of the Joint Board is the 
so-called “Green Book” which con- 
tains: (1) a complete copy of the 
agreement between all three groups 
which established the Joint Board— 
namely, the Building and Construc- 
tion Trades Department, the Asso- 
ciated General Contractors of Amer- 
ica, and the participating Specialty 
Contractors Employers’ Association; 
(2) a copy of the procedural regula- 
tions governing its operation; and 
(3) a copy of all prior written agree- 
ments between unions on various 
jurisdictional cases. 

Because of the terms of the Taft- 
Hartley law, all participants using 
the services of the Joint Board must 
sign stipulations agreeing to acceptand 
be bound by the Board’s decisions. 
These stipulations were signed for 
the unions by the president of the 
Building and Construction Trades 
Department, with the intent of 
binding its nineteen constituent un- 
ions. Since the various specialty 
contractors have traditionally worked 
on a union basis, their Employers’ 
Association representatives signed for 
their entire membership. 

In the case of the general contrac- 
tors represented by the Associated 
General Contractors, the situation 
is different. The agreement estab- 
lishing the Board specifically binds 
only those contractors employing 
members of the unions affiliated with 
the Building and Construction Trades 
Department. Therefore, because the 
labor practices of general contractors 
range all the way from completely 
open-shop operators to completely 
unionized operators, each individual 
general contractor who comes within 
the requirements of the agreement 
must sign his own individual stipu- 
lation. 

When a dispute arises, with all 
factions signed up, the general con- 
tractor is given the authority to 
assign the disputed work to the men 
who are entitled to it under decisions 
and agreements in the ‘‘Green Book”’ 
or, in their absence, according to the 
usual practice in that particular area. 
The contractor and the unions must 
continue to work on this basis while 
the case is being presented to the 
Joint Board. When a decision has 
been made by the Board itself, or by 
the parties under pressure from the 
Joint Board, the work is then as- 
signed in accordance with the deci- 
sion. 

If all contractors and unions with 
jurisdictional disputes would fol- 
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Labor Management Problems... 


their judgment would bring financial 
success. The only “social security’ 
they wanted was that which came by 
the sweat of their brow, the hardness 
of their nerve, and the skill of their 
hands and brains. 

In their drive for success, many of 
them were ruthless in their tactics 
with the public, with their competi 
tors, and most important, with their 
own labor. Decency, fair dealing, 
and human rights were frequently 
brushed aside in the mistaken idea 
that men who worked with their 
hands were made of clay inferior to 
that of the manager. Many an 
owner believed that the great finan 
cial risks he took could legitimately 
be passed on to, and squeezed out of 
labor for, after all, had he not de 
veloped the jobs which the men held? 

The changing atmosphere of this 
young country from that of agricul 
ture to that of urban industrialism 
brought about a more complicated 
and, of necessity, a more highly or 
ganized society. The limitations of 
urban life brought problems in un 
employment. The craftsman, out 
of a job, could not go back to work 
ing his few acres or find a place on his 
neighbor's farm as he could in the 
smaller agricultural communities. He 
was forced to rely on his own meager 
savings, or on charity probably grudg 
ingly given. His pride was injured 
and his sense of justice aggrieved. 

Belief in a man’s individual free 
dom and constitutional rights was 
not the sole property of owners and 
of management. With these many 
developments and changes in the so 
cial and economic structure of the 
nation, champions of the working 
man arose to challenge the industrial 
might and to claim rights for labor 

Thus, even while great-grandfather 
and his neighbors were setting the 
masonry for the lighthouse in the free 
country atmosphere around the little 
lake village of Milwaukee, the pres 
sures of city life and the effects of the 
early stages of the industrial revolu- 
tion were starting a pattern in the 
seacoast cities such as Boston, New 
York, and Philadelphia, that would 
in time cover most of the nation. 

The large construction labor unions, 
as we now know them, came into 
being largely in the last quarter of 
the nineteenth century, and followed 
the English pattern of organization 
by craft. In 1881 they banded to 
gether to form the American Federa 
tion of Labor. A year later Samuel 
Gompers was elected president of this 
Federation. No more useful mental 
exercise and philosophical study, and 
no more practical wisdom could be 
recommended to the leaders of labor 
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today than that they study carefully 
and often the tenets of the labor union 
policy of Samuel Gompers, especially 
with reference to labor’s position in 
the political arena. 

The growth of the unions was a 
slow and painful one for many years, 
fraught with violence, lawlessness, 
and bloodshed. Fearless and reckless 
men on both sides spurred on the bat- 
tle, each group firm in the belief that 
its rights and its freedoms were being 
jeopardized and usurped. 


Labor Under New Deal 


The mushroom development of the 
unions occurred, of course, with the 
depression and the advent of the New 
Deal with its drive for voting power 
and its unscrupulous and dangerous 
pitting of class against class. Al- 
though the New Deal worked most 
closely with the leftish mass unions, 
the pace set by these mass unions and 
the pressures developed thereby in 
the rank and file of all workers forced 
the leaders of the more conservative 
crafts unions to fall in line if they 
would not lose their leadership to 
more radical factions. 

Furthermore, under the New Deal, 
the Federal Government became the 
chief buyer of construction through 
direct contracts by its various agen- 
cies and through subsidies to the 
states. Since the New Deal was de- 
termined to advance unionism, the 
Federal Government stipulated in its 
contracts and subsidies that the wage 
regulations and job requirements 
should be the union wages and union 
regulations of the areas. The pen- 
dulum of power had now swung far 
in the opposite direction from the 
days of the eighteen nineties. 

Some contractors do not employ 
union labor, but the great bulk of 
those who work in and around the 
large centers of population and those 
who handle large public works con- 
tracts at first were forced to, and now 
in many cases do, use union labor 
preponderantly. 

Every major economic and social 
trend, such as the growth in strength 
and numbers of union organization, 
has both good features and bad 
features. Mainly in the early days, 
the growth of the unions tended to 
improve the standard of living of the 
working population. To many con- 
tractors the existence of a pool of 
craftsmen, assembled and available 
through union offices in the larger 
cities, has been a decided advantage. 
Furthermore, while there always have 
been, and always will be, many irri- 
tations and dissatisfactions in dealing 
with and working through union or- 





ganizations, it probably can be said 
that these same irritations and union 
demands for high wages have had 
some tendency to make construction 
management more efficient and more 
resourceful in an effort to keep costs 
within a competitive range in the face 
of high labor rates and expensive 
working rules. 


Jurisdictional Disputes 


On the other hand, there are seri- 
ous defects in the situation. There is 
no need to outline the unfortunate 
aspects of the alleged domination of 
the individual and his output in 
some areas, nor to point out the eco 
nomic waste resulting from feather 
bedding rules of which some trades 
are accused. The fact that each in 
ternational union is a collection of au 
tonomous locals often makes it dif 
ficult for the international to main 
tain discipline in all locations. 

By far the worst problem which has 
arisen to plague the owner, the con 
tractor, and the unions as well is that 
of jurisdictional disputes. These re 
sult from technological developments, 
the introduction of new materials, 
new methods, new machinery, and 
similarity of job types, combined with 
the not unnatural struggle by union 
officials and their unions to seize every 
class of work which, by any stretch 
of the imagination, they can argue 
should be handled by their particular 
craft. For example, untold thou 
sands of dollars were lost thirty years 
ago by workers, contractors, and own 
ers over the question of whether 
sheet-metal workers, iron workers, or 
carpenters should place the then new 
metal trim and corner beads which 
were being substituted for wood 

The recent use of steel mesh in 
walls as a backing for plaster, and in 
floors as a support and reinforcement 
for concrete, brings the lathers and 
the iron workers into conflict. What 
shall govern—the nature of the mate 
rial, or the use to which it is put? 

Carpenters and laborers long fought 
over the right to strip forms from con 
crete work. The struggle between 
the electrical workers and the iron 
workers for the erection of steel trans- 
mission towers over many miles of 
new power line construction has been 
a bitter one. 

These disputes, because of the size 
and power of the various interna 
tional unions which are involved, 
become a battle of giants which not 
only consume the time and the capital 
of the owner and the contractor but 
take many pay checks from the 
pockets of the craftsmen, who can 
least spare the money. Also, with 
the growth of the C.I.O. unions 
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containing construction maintenance 
crews ready to perform without inter- 
union disputes, these jurisdictional 
battles are endangering the very fu- 
ture of the craft unions. 

The actual jurisdictional rights of 
the nineteen international unions in 
the construction field are the result of 
the initial grant by the American Fed- 
eration of Labor itself, made when 
each union joined the Federation, 
plus various interpretations which 
have been agreed on from time to 
time by two or more unions as ques- 
tions arose. These rights are held 
sacred by the individual unions. 

In the years gone by, the settle- 
ment of jurisdictional disputes was 
considered by the unions to be en- 
tirely within their own purview. All 
efforts by contractors or owners to 
take part in jurisdictional settlements 
were refused, except in three localities. 
The Building and Construction 
Trades Department of the American 
Federation of Labor attempted to 
work out settlements on its own 
through a national board, which it 
had established, and later by “spot 
decisions,” or one-job decisions, by 
the president of the Building and 
Construction Trades Department. 

However, the American Federa- 
tion of Labor is organized so that 
each international union is a sovereign 
power, and in forming the Building 
and Construction Trades Department 
within the Federation, the nineteen 
international unions involved granted 
to the Department only certain 
limited authority. This same situa- 
tion holds true with the overall au- 
thority of the American Federation 
of Labor itself. 

Therefore, the necessary power to 
enforce jurisdictional decisions which 
had been or might have been made 
simply did not exist. For this rea- 
son, and because of the constant inter- 
play of the great forces of internal 
politics among the unions, decisions 
were delayed and sidestepped with 
great frequency. The matter seemed 
almost impossible of solution. 

It has frequently been proposed 
that the easy solution of this unsatis- 
factory condition is to turn to the 
non-craft, C.I.O. type of organiza- 
tion, but this involves the probable 
loss of valuable features of the 
existing status. For example, there 
is a pride of craftsmanship developed 
in the apprentice training and from 
experience through the years. It 
may be argued that such pride no 
longer motivates the craftsman, but 
unbiased examination will show that 
it does exist, that it is worth while, 
and that it should be encouraged and 
developed rather than discarded. 


As we have already pointed out, re- 
liance on the craftsman in construc- 
tion—on his skill, experience, and in- 
tegrity—is a fundamental necessity. 

In the past, in only three cities— 
Boston, New York, and Chicago— 
have the international unions recog- 
nized local settlements of jurisdic- 
tional disputes by local boards com- 
posed of union and contractor repre- 
sentatives, as binding on the local 
and international unions. The local 
boards in these cities have handled 
the problem with great skill for many 
years and have never conflicted with 
the previous national decisions which 
had been made. 

The great swing of the pendulum 
from the side of the giants of industry 
at the end of the nineteenth century 
to the side of the giants of labor un- 
ions within the last two decades, 
brought with it the same opportuni- 
ties and the same tendencies for abuse 
of power. The American citizen, 
though, still can and does rebel 
against undue concentration or mis- 
use of power in any segment of soci- 
ety. 

In an attempt to control the situa- 
tion, in 1947, Congress passed the 
Labor Management Relations Act, 
usually known as the Taft-Hartley 
Act. This law defined unfair labor 
practices in such a way that it became 
a necessity for labor and advisable 
for management to join together in 
an attempt to solve the problem of 
jurisdictional disputes. 

The law made it an unfair labor 
practice in a jurisdictional dispute 
involving a contractor and two unions 
for any two of the parties to the dis- 
pute to decide the assignment of the 
work in question. Such action in 
effect would coerce the third member 
either into doing the work or not do- 
ing it and such coercion 1s illegal. To 
assign work legally, prior agreement is 
necessary between all parties that 
each and all would be bound by any 
decision mutually decided on. 


Joint Board Is Helpful 


Thus the industry and the unions, 
it might be said, by a process of arti- 
ficial insemination conceived and, af- 
ter two years of severe and protracted 
labor pains, brought forth the Na- 
tional Joint Board for Settlement of 
Jurisdictional Disputes. The Joint 
Board is composed of representatives 
of construction employers and labor 
working under an impartial chairman 
chosen by the two groups. Although 
the Joint Board has no legal authority 
in itself, the National Labor Rela- 
tions Board recognizes the special 
competence of the Joint Board in 
settling jurisdictional matters and 
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would doubtless confirm its decisions 
in the great majority of cases, were an 
aggrieved disputant to carry the case 
to the top board. 

The bible of the Joint Board is the 
so-called “Green Book” which con- 
tains: (1) a complete copy of the 
agreement between all three groups 
which established the Joint Board— 
namely, the Building and Construc- 
tion Trades Department, the Asso- 
ciated General Contractors of Amer- 
ica, and the participating Specialty 
Contractors Employers’ Association; 
(2) a copy of the procedural regula- 
tions governing its operation; and 
(3) a copy of all prior written agree- 
ments between unions on various 
jurisdictional cases. 

Because of the terms of the Taft- 
Hartley law, all participants using 
the services of the Joint Board must 
sign stipulationsagreeing to acceptand 
be bound by the Board’s decisions. 
These stipulations were signed for 
the unions by the president of the 
Building and Construction Trades 
Department, with the intent of 
binding its nineteen constituent un- 
ions. Since the various specialty 
contractors have traditionally worked 
on a union basis, their Employers’ 
Association representatives signed for 
their entire membership. 

In the case of the general contrac- 
tors represented by the Associated 
General Contractors, the situation 
is different. The agreement estab- 
lishing the Board specifically binds 
only those contractors employing 
members of the unions affiliated with 
the Building and Construction Trades 
Department. Therefore, because the 
labor practices of general contractors 
range all the way from completely 
open-shop operators to completely 
unionized operators, each individual 
general contractor who comes within 
the requirements of the agreement 
must sign his own individual stipu- 
lation. 

When a dispute arises, with all 
factions signed up, the general con- 
tractor is given the authority to 
assign the disputed work to the men 
who are entitled to it under decisions 
and agreements in the ‘““Green Book” 
or, in their absence, according to the 
usual practice in that particular area. 
The contractor and the unions must 
continue to work on this basis while 
the case is being presented to the 
Joint Board. When a decision has 
been made by the Board itself, or by 
the parties under pressure from the 
Joint Board, the work is then as- 
signed in accordance with the deci- 
sion. 

If all contractors and unions with 
jurisdictional disputes would fol- 
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low through on all phases of this 
carefully formulated and agreed-on 
plan, the plague of lost time from 
jurisdictional disputes would be at 
an end. Of course, such perfection 
is to be hoped for, but is seldom 
achieved. In some instances con- 
tractors have failed to assign work in 
accordance with the correct area 
practice. In other cases contractors 
have closed down their work through 
a mistaken idea of their duty or be- 
cause of bad feeling. In many 
cases one union or both unions have 
walked off the job, sometimes delib- 
erately and sometimes because of lack 
of control of the local by the interna- 
tional. 

Although there have been many de 
fections of this sort, most of them 
have been minor in the loss of time 
involved, and they can be overcome 
to a large degree by better education 
of both parties as to their rights and 
duties, and by greater integrity and 
discipline on the part of the signato- 
ries with regard to the moral and prac- 
tical value of their written word. 

There has been one instance of a 
serious defection from the signed 
agreement. One group of specialty 
contractors and the union which they 
employ gave notice of their intention 
to withdraw from the plan because of 
a decision unfavorable to this union. 
This is one of the nineteen unions 
supposedly bound by the stipulation 
signed by the president of the Build- 
ing and Construction Trades Depart 
ment. Itis self-evident thateveryde 
cision by the Joint Board must militate 
against one or more of the parties in 
volved. There must be sufficient 
moral integrity in the parties to accept 
adverse decisions when they come if 
the plan is to succeed. 

A withdrawal from the signed 
pledge, such as has been described, 
poses many complications and en- 
dangers the rights of construction 
employers and unions who are faith- 
ful to their agreement. Architects 
and engineers, as well as owners, can 
take action to prevent similar defec- 
tions by means to be suggested later. 

The Joint Board actually has been 
very effective in reducing the lost 
time and attendant costs of jurisdic- 
tional disputes. It has handled, in 
the four years of its life, some fifteen 
hundred cases involving work stop- 
pages and many times that number 
where no stoppage of work was in- 
volved. The Board has processed 
these cases largely through encourag- 
ing settlements mutually developed 
by the parties without resort to ex- 
pensive legal procedures, except in a 
very minor number of instances. 
Perhaps one of its major contribu- 
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tions has been the development of a 
sound and workable method jor the 
orderly settlement of jurisdictional 
disputes—one of the fundamental 
needs in the construction industry. 
It also has been instrumental in 
bringing about final settlement and 
agreement on a national scale of sev- 
eral of the most difficult and long- 
standing disputes between certain 
trades. 


Disputes Can Be Cut Down 


Owners and, more important, their 
advisers the architects and engineers, 
can assist in the excellent work of the 
Board and can aid those unions and 
contractors who are honestly and 
earnestly endeavoring to reduce the 
cost and incidence of jurisdictional 
disputes. 

Most jurisdictional problems arise 
in highly specialized fields of work, es- 
pecially in construction of buildings. 
When the architect or engineer draws 
his specifications for the specialty 
phases of his project, such as the 
heating, plumbing, or electrical work, 
he, in effect, sets the pattern under 
which the subcontractors will attempt 
to work. 

It is not to be expected that the 
consulting engineer can be aware of 
all the changes, agreements, and cus- 
toms with regard to union jurisdic- 
tions in the many geographical areas 
into which his design work takes him. 
But if he were to consult with local 
trade association representatives or 
experienced contractors in the region 
before he published his specifications, 
he might well avoid inadvertent invi- 
tations to jurisdictional trouble. 

Then, as a very significant step, 
it is suggested that architects and 
engineers, in drawing contracts and 
specifications, include a clause in 
their contracts, requiring each and 
every general contractor and each 
and every subcontractor to sign an 
agreement to come under the Joint 
Board for the Settlement of Jurisdic- 
tional Disputes and to be bound by 
its findings. This would benefit own- 
ers by greatly reducing the likelihood 
of costly jurisdictional delays. At the 
same time this requirement would 
protect both contractors and unions 
who are seriously trying to make the 
plan work. It is to be hoped that 
such a clause might become standard 
practice in building contracts. 

These suggestions are not partisan 
in any sense of the word but, as a 
matter of fact, serve the best inter- 
ests of everyone—the owners, the ar- 
chitects, the engineers, construction 
management, and the labor unions 
alike. The Washington, D.C., staff 
of the Associated General Contrac- 





tors, the chapter secretaries, or any 
contractor will be happy to furnish 
all possible necessary and pertinent 
data in connection with this suggested 
advance in which we as engineers, ar- 
chitects, and contractors can cooper- 
ate. 

Responsible union leaders recognize 
the value of good contractor-union 
relationships in promoting steady 
work, and they recognize the serious 
threat of jurisdictional strikes to their 
unions and to the construction indus- 
try. Only two months ago, the nine- 
teen general presidents of the inter- 
national unions affiliated with the 
Building Trades Department passed 
a resolution banning picket lines in 
the case of jurisdictional disputes. 
This is a definite step forward in pre- 
venting work stoppage. 

Slowly but with increasing cer- 
tainty, the unions are coming to real- 
ize the responsibility and the dangers 
inherent in having practically a mo- 
nopoly of the labor supply. Although 
their paths seem at times to diverge 
considerably, there is no question but 
that the ultimate aims of both the 
contractors and the top craft-union 
leadership in the building trades coin- 
cide in a mutual desire for a stable, 
profitable construction industry. 

There are hopeful and constructive 
signs. Both labor and management 
are constantly working toward more 
reasonable understanding. We need 
to be rid of control boards which 
stimulate wage and price increases 
instead of stabilizing them. We need 
to be rid of governmental and political 
interference in the guise of so-called 
“emergencies.” Then, once again, 
full responsibility can be placed on the 
unions to put their own houses in or- 
der. Contractors and the unions will 
be free to bargain together without 
government interference, and _ in- 
creasing good can result. 

That phase of human relationships 
which involves the contacts and the 
contracts between management and 
labor will always be an intriguing, 
baffling, and most important problem 
for the responsible top leaders in labor, 
engineering, and construction. It is 
an ever-present problem for which 
there can be no permanent solution. 
If approached with integrity, good 
will, and a desire for real understand- 
ing, it is a rewarding and profitable 
study and will doubtless reappear as 
a subject for the agenda of the second 
Centennial of Engineering. 


(This article is based on the paper pre- 
sented by Mr. Rogers before the joint session 
of the Construction Division and the Asso- 
ciated General Contractors of America, Inc., 
at the Centennial Convention in Chicago. ) 
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Mechanization 


FRANCIS DONALDSON 


Vice-President, Mason & Hangar, New York, N.Y. 


has revolutionized 


construction work 


Someone has defined engineering 
as ‘“‘the art of doing with one dollar 
what any fool can do with two.’ This 
definition is true as far as it goes, but 
it covers only one of the two phases of 
engineering, the second being to do 
things that no fool, no matter how 
well supplied with dollars or man- 
hours, can do at all. 

The first phase of engineering be- 
gan before recorded history, with the 
invention of the first tool-—perhaps 
a shovel with which some cave man 
leveled his sleeping place. The second 
phase began ages later when man- 
kind learned how to utilize mechanical 
power so as to deliver large, continu- 
ous flows of energy to a small delivery 
point. The first phase will be de- 
scribed by drawing comparisons be- 
tween ancient and modern engineer- 
ing works. 


First Phase of Engineering 


Earthwork and Masonry. Going 
back some six or seven thousand 
years to ancient Babylonia, the Meso- 
potamian irrigation systems, by 
which the waters of the Tigris and 
Euphrates were spread over millions 
of acres of desert sands, involved 
quantities of excavation and fill com- 
parable to those of the largest modern 
schemes. The Great Pyramid of 
Egypt, containing three million cu 
yd of masonry, the biggest individual 
block in the world until Grand Coulee 
Dam, was built about 2700 B.C. 
The Great Wall of China, still by 
far the world’s greatest connected 
masonry structure, containing ap- 
proximately 300 million cu yd—thirty 


Grand Coulee Dams—was built over 
a century before Christ. 

These projects were all built with 
primitive tools, long before even the 
word “mechanization was thought 
of. Yet they were built, and it is 
interesting to compare the man-hours 
required per cubic yard with those 
for similar work today. 

The cost records of the Mesopota- 
mians, like King Ozymandias himself, 
are long since covered by the desert 
sands, but records of similar projects 
performed in India by primitive 
methods in modern times give some 
idea of the labor involved. On canal 
excavation in earth, a well organized 
gang consists of a shoveler who loads 
baskets containing about '/; cu ft 
each, a lifter who raises the baskets 
to the heads of the bearers, and for a 
moderate haul—say, 300 ft—three 
bearers who carry and dump the 
baskets. This gang should move 
about '/, cu yd per hour at a labor 
cost of 10 man-hours per cu yd. By 
comparison, one man on a 12-cu yd 
carryall scraper will handle 120 cu yd 
per hour at a labor cost of approxi- 
mately '/s man-hour per cu yd, if we 
include another man for maintenance 
labor—a 120-to-1 improvement. 

The construction of both the Great 
Pyramid and the Great Wall of 
China involved quarrying and ma- 
sonry work rather than excavation. 
Herodotus stated that to build the 
pyramid required the labors of 100,- 
000 men for 20 years, but John 
Anderson Miller believes that this 
maximum labor force worked only 
during the flood period of the Nile 
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or about three months a year. If we 
adopt this assumption and allow 
further for periods of building up and 
tapering off of forces, the labor cost 
per cubic yard comes to 400 man- 
hours. A similar juggling of the 
figures reported for the Great Wall 
indicates a cost of about 150 man- 
hours per cu yd. It is to be expected 
that a 480-ft pyramid would cost 
much more per unit of volume than a 
30-ft wall, but to make another com- 
parison, the labor cost of the 10'/2 
million cu yd of concrete in Grand 
Coulee Dam was perhaps 3 man-hours 
per cu yd, including the manufactur- 
ing cost of the cement. 

Quarrying. Vast quantities of 
stone were quarried by the ancients 
for their magnificent masonry struc- 
tures, and until fire setting was 
invented by the Romans, quarrying 
was the only known method of ex- 
cavating rock. The old artisans, 
quarrymen, riggers, and masons be- 
came extraordinarily skilful in the 
production, transportation, and set- 
ting of stone building blocks. They 
freely used monoliths of sizes and 
weights which, with all our machin- 
ery, we would not attempt to handle 
today. Three wall stones in the 
Acropolis of Baalbek weigh 800 tons 
apiece, and numerous Egyptian obe- 
lisks weigh 200 to 400 tons each. 

Monoliths. For quarrying and 
shaping stones, the Egyptians used 
bronze core-drills and saws, cutting 
by abrasion with sand fed to their 
edges, but how they moved and set 
the stones is 


not certain. It is/| 
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Ancient methods of dirt moving were similar 
to those used to dig Lerma Canal in Mexico 
(mear right). There 30-mile canal section 
was taken out in baskets in 1943 at cost of 7 
cents per cu yd. In contrast, mechanized 
methods include use of Caterpillar pusher- 
loaded scrapers and motor grader (middle 
view) on railroad right-of-way in Brazil. At 
far right, International TD-24’s pull Euclid 
loader, which can handle 1,200 cu yd an 


hour. 


clined planes of earth or rubble and 
dragged the blocks on sleds or rollers 
up the planes and into position. To 
pull a 400-ton obelisk thus up a 10- 
percent grade must have required a 
tug-of-war team of about 2,000 men. 

Centuries later the Romans moved 
several large obelisks and many 
smaller ones from Egypt to Rome. 
By this time they must have learned 
to use the block and tackle and to 
apply animal power, but at any rate 
they reerected the obelisks and made 
no fuss about it. 

Some 1,500 years later, at the be- 
hest of the Pope, an engineer named 
Fontana lowered, transported, and re- 
erected one of these obelisks, and his 
feat was considered a milepost in en- 
gineering construction. Engineers 
came from all over Europe to watch 
the operation. His method was to 
construct around the column a tim- 
ber scaffold strong enough to carry a 
number of large fall blocks, to lead 
their fall lines to horse-driven cap- 
stans, and by simultaneous operation 
to raise and lower the 330-ton column 
onto a cradle. After the cradle was 
dragged on rollers to its new location, 
the scaffold was reconstructed and 
the lifting operation repeated. It re- 
quired 40 capstans, 80 horses, and 400 
men. [Crvit ENGINEERING, April 
1934, p. 228. ] 


Probably the biggest job of this 
kind in history was the quarrying, 
transportation, and erection, by the 
Fontana method, of the Alexander 
Column in St. Petersburg, now Len- 
ingrad. This monument, which still 
stands in the Palace Square, consists 
of a base 24 ft square and 6 ft high, 
a 20-ft pedestal, and a shaft 13 ft in 
diameter and 98'/, ft high, all of 
granite, surmounted by a_ bronze 
capital and a bronze statue. The 
stones were quarried in Finland and 
brought by barge on the River Neva 
to a point near the site. The base 
weighs 300 tons and the shaft 1,100 
tons. This work, done in 1834, before 
mechanical power had been applied 
to construction work, was an ex- 
traordinary feat, yet it apparently 
never created a ripple of interest. 
How many of the engineers of today 
have ever heard of it? 

Rock Excavation. Rock excava- 
tion as we know it today was un- 
known to the ancients for it depends 
on the use of explosives. The ap- 
plication of gunpowder to the break- 
ing of rock was really the beginning 
of the second phase of engineering. 
Subaqueous excavation of earth or 
rock was also impossible for the an- 
cients, but they understood the con- 
struction of cofferdams and _ the 
lifting of water by man, animal, and 





First successful steam shovel (at right) was 
invented and built by William S. Otis of Can- 
ton, Mass., in 1837. Seven such machines 
were built having dipper capacity of 1!4 cu 
yd. Today, Marion diesel-electric excavat- 
ing shovel used on Fort Randall Dam (middle 
view) has capacity of 10 cu yd. Bucyrus- 
Erie walking dragline, seen stripping over- 
burden at Danville, Ill., open-pit coal mine 
(far right), handles 30-cu yd bucket. 






wind power. One of the earliest 
tunnels on record was thus built 
under the Euphrates River. 

Mining and Tunneling. The art 
of mining, including shaft sinking and 
tunneling in rock and dry earth, was 
well advanced long before the time 
of Christ. Earth was dug and rock 
chiseled out by hand, at least until 
the Romans began the fire setting 
technique. It must have been fun to 
work in a tunnel in those days—to 
build a wood fire against the face, 
wait until the surface rock became 
red hot, fight your way in through 
the fumes and throw col water on it, 
and then muck the spalled fragments. 
In comparison, today’s silicosis would 
be a pleasure. Muck was hoisted by 
man or animal power or carried up 
ladders on human backs. 

In spite of all these difficulties, 
the Romans built some notable tun 
nels, the greatest of which was holed 
through in the first century A.D. to 
drain Lake Fucino. Dr. Drinker 
states that this tunnel had a section 
19 ft high and 9 ft wide, was over 
three miles long, and was driven 
from 22 shafts or slopes, some nearly 
400 ft deep. According to reports, 
30,000 men were employed for 1! 
years to build it. It is obvious that 
even by working four shifts a day it 
would be impossible to employ 7,500 
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men in a shift in 40 or 45 headings of 
this size, so it is likely that the report 
means that 30,000 different persons 
worked on the job in eleven years. 
The labor turnover must have been 
high and the casualties terrible. 

If we assume that all shafts and 
headings were worked simultane- 
ously with as many men as possible, 
and if we rationalize an employment 
curve, we find that the average daily 
advance comes to 3 in. per heading 
per day, and the labor cost to 300 
man-hours per cu yd. Compare this 
with the daily progress on the 25-mile 
Downsville Tunnel of over 40 ft a day, 
and a labor cost on modern hydro 
tunnels in Scandinavia of 1 to 1'/, 
man-hours per cu yd. 

Pumping. Throughout the ages the 
handling of water has been one of the 
most important tasks of the engi- 
neer. For this purpose various 
sources of power other than animal 
muscles have had their first applica- 
tion—such as the wind and flowing 
water. Here again the concentration 
of power inaugurated by the steam 
engine opened new possibilities. 

Allied with the handling of water 
is the finding of it. The evolution 
from wells dug by hand to drilled 
wells was slow. Real development 
of the art of drilling waited on the 
development of mechanical power. 





Second Phase of Engineering 


And now for some examples of 
things the ancients could not have 
done, some things that come under 
what I have called the second phase of 
engineering : 

Structures depending on steel in large 
quantities and in many different shapes, 
such as skyscrapers, towers, deep 
cofferdams, large bridges 

Construction work made possible by a 
concentration of power through the 
use of steam and internal-combustion 
engines, electricity, compressed air, 
hydraulic pumps in various combina 
tions. Under this head come deep mine 
shafts and deep mining, deep dredging 
in harbors and seas, excavation in wet 
ground requiring predrainage, com 
pressed-air caissons and subaqueous 
tunnels, river diversions, deep drilling 

Means of rapid transportation made pos 
sible by concentrated power—railways, 
automobiles, boats and ships, and fi- 
nally, greatest of all, human flight 


As mentioned previously, the two 
phases blend. At Grand Coulee the 
earth and rock excavation could have 
been performed, the sand and gravel 
dug, and the concrete mixed and 
placed by hand, given enough work- 
ers and enough time. But no Pha- 
raoh, however powerful and however 
ruthless, could have diverted the 
Columbia River between floods. 





Neither could he have commuted to 
work in the morning as do millions 
throughout the world, or have trav- 
eled from Cairo to Chicago in 30 
hours. 

Coming now to the more recent 
past I shall discuss the application 
of mechanical power to the various 
branches of engineering. 

Earth Excavation and Equipment 

The shovel improved with the dis- 
covery and application of metals; 
the hammer developed into a pick; 
and, after the wheel was invented, 
the wicker basket turned into a 
wheelbarrow and the barrow into 
wagons and carts drawn by animals. 
Someone combined the ideas of 
shovel and sled and created the horse- 
drawn drag scraper. Then, for 
longer hauls, wheels were added and 
wheeled scrapers and fresnos came 
into being. In the flatlands our rail- 
ways were largely built with these. 

In through cut, in hard earth or 
rock, the picked or broken materials 
had to be shoveled by hand. The 
best vehicle for transporting the 
material proved to be the two-wheeled 
tip cart drawn by a single horse or 
mule. Its capacity was small, and 
except for short hauls, a wagon drawn 
by two or more horses was a cheaper 
means of transport. 




















Suction dredges have grown in capacity 
up to 5,000-hp 30-in. giants like the New 
Jersey, here pictured in 1933 when owned 
by Great Lakes Dredge & Dock Co. This 
huge Bucyrus-Erie diesel-electric dredge is 
now owned by Standard Dredging Co. 


ro meet this problem in soft ground 
the elevating grader was devised. 
This consists of a wheeled scraper 
with a scoop designed so as to dis 
charge its load continuously onto an 
elevating belt discharging in turn 
onto a transverse loading belt. Drawn 
by several teams of horses, this 
grader could deliver a steady stream 
of dirt to a wagon traveling beside 
it and could move 40 to 50 cu yd per 
hour. The development of the trac 
tor made possible an increase in 
capacity to 150 cu yd per hour, load- 
ing trucks instead of wagons. Now 
one company makes a grader which, 
propelled by two 20-ton tractors, 
has a capacity of 1,000 to 1,500 cu yd 
per hour 

The Power Shovel. The real revo 
lution in dirt moving began with the 
steam shovel, invented in 1835 but 
coming into use in the eighties. The 
first practical model was equipped 
with a boom which swung like a 
gate. Then came a boom pivoted 
beneath and swung from the top of a 
fixed A-frame, the total swing being 
thus limited to about 180 deg. For 
many years this design was followed 
These machines were considered too 
heavy for road wheels, so were 


mounted on railroad trucks and oper 
Though awkward, 


ated on tracks. 


At Fort Randall Dam, tunneling equipment 
included saw gantry and Blaw-Knox tunnel 
forms (seen respectively at left and right in 
adjoining photo). Saw starting cut for tun- 
nel bore (middle view) was developed by 
contractor, Silas Mason Co., for use in shale 
rock at dam site. Conway mucker of 100 hp 
(far right) is also seen in use on Fort Randall 
Dam project. 
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they could load any kind of*material 
into any type of car or wagon and 
were employed in building most of 
our later railroads in hilly country, 
in the excavation of the great Culebra 
(now Gaillard) Cut of the Panama 
Canal, and on thousands of other 
projects great and small. 

The railroad shovel had several 
grave disadvantages, namely, the 
difficulty and cost of supplying the 
boiler with fuel and water as well 
as the cost of frequent boiler repairs; 
the limited range of action due to the 
fixed A-frame; and most of all, the 
cost of grading for, and building 
track ahead of, the shovel as it ad- 
vanced. The application, between 
1905 and 1925, of two old inventions 
made possible a different type of 
shovel which obviated these troubles. 
The development of gasoline and 
diesel engines eliminated the boiler; 
the crawler tread not only did away 
with track laying but permitted the 
construction of a base sufficiently 
wide and stable to support a com- 
pletely revolving shovel. 

The size and capacity of the power 
shovel have been increased tremen- 
dously. From the original model with 
a 1'/s-cu yd dipper, the increase has 
progressed through the 5-cu yd 
railroad shovels used at Panama to 





the S- and 10-cu yd giants used today 
on large excavation projects. For 


coal stripping, one of the latest 
shovels has a 36-cu yd bucket, 900-hp 
motors, and weighs nearly 1,500 tons 
Power has changed from steam, 
through gasoline to diesel engines. 
The larger shovels are electric. The 
controls have changed from throttle 
valves and levers to push buttons 
actuating a variety of complicated 
electrical and mechanical devices. 
The operating cycle has been reduced 
from more than a minute to 20 to 25 
seconds, and the output has increased 
from about 150 cu yd per hour to more 
than 1,000. 

Draglines.. The rotating shovel 
made possible the development of the 
dragline by substituting a long boom 
for the shovel boom and dipper stick. 
The original l-cu yd _boiler-plate 
bucket constructed in Illinois in 1905 
has been increased to a 30-cu yd 
monster, operated on a 200-ft boom. 
Another useful modification of the 
rotating shovel is the backhoe, which 
permits the machine to dig a trench 
behind itself. Backhoes are now 
available in sizes up to 1'/» cu yd. 

Grab Buckets. The grab bucket, 
especially the clamshell type de 
veloped by Leonardo da Vinci, has 
evolved into many forms: digging 
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buckets with teeth for trench and 
cofferdam excavation; rehandling 
buckets for sand, gravel and iron 
ore; rock grapples, etc. The orange- 
peel has remained substantially un- 
changed. Standard sizes of clam- 
shell buckets now range from '/, to 
7'/2 cu yd, and for orange-peel buck- 
ets, from */; cu ft to 3 cu yd. The 
tiny size is used for hand digging in 
underpinning cylinders. 

Caterpillar. The crawler tread 
applied to the tractor started a sec- 
ond revolution in earth moving meth- 
ods. The Caterpillar tractor has be- 
come a symbol of power and deter- 
mination. It is capable of draw- 
ing huge trucks and wagons and 
self-loading wheeled scrapers and, 
equipped with a bulldozer blade or 
other attachment, digs cellars, strips 
topsoil, or overturns forests. The 130- 
hp, 18-ton tractor has become stand- 
ard equipment. It will handle four- 
wheel scrapers up to 23-cu yd ca- 
pacity. This scraper or ‘‘pan,” with 
a pusher tractor to help load it, will 
move 100 cu yd of earth per hour on a 
1,000-ft haul—quite a contrast to 
earth moving in the days of the horse. 

The crawler-tread tractor is a 
relatively slow-moving vehicle, hence 
for long hauls its supremacy is being 
lost to rubber-tired tractors and self- 
propelled scrapers. This change has 
been made possible by the develop- 
ment of huge pneumatic tires. A 
recent scraper of this type has four 
wheels under the tractor end with 
tires 12 X 24 in. and 24 X 25 in., 
and two wheels under the rear end 
with tires 27 X 33 in. It has two 
190-hp motors, a hauling capacity of 
24 cu yd, and a speed of 30 mph. 

Transportation. Scrapers excepted, 
digging equipment requires some 
means to take the dirt away. Tip 


carts and horse-drawn wagons have 
been mentioned. The old-time 
wagon-box body was soon replaced 
by a body with removable sides and 
loose slats in the bottom, and next 
by a body with bottom-dumping 
doors. When the rotary shovel 
superseded the railroad shovel and 
the gasoline or diesel engine replaced 
animal power, wagon bodies reverted 
to the box type but were pivoted at 
the rear, provided with an end gate 
hinged at the top, and a mechanical 
or hydraulic hoist to tip the body and 
load up to a dumping angle. Trucks 
of this type are now in general use 
and are manufactured in capacities 
up to 34 tons and powered with 400- 
hp diesel motors. 

Railroad-type steam shovels were 
largely served by railroad equip- 
ment. For many years 4-cu yd side- 
dump cars drawn by steam dinky 
locomotives running on 36-in.-gage 
track were standard equipment. At 
one time hundreds of dinkies and 
thousands of cars were in use all 
over America. For long hauls on 
large jobs like the Panama Canal, 
12- to 30-cu yd standard-gage dump 
cars were used. Such cars, modern- 
ized and dumping by compressed 
air, are still in use on certain railroads 
and in open-pit mining operations. 

Even this equipment is being re- 
placed by trucks and by tremendous 
bottom-dump wagons. In design, 
these units are much like the large 
scrapers already described, with ca- 
pacities up to 25 cu yd and powered 
with engines up to 380 hp. 

Conveyors. Under favorable con- 
ditions belt conveyors have been 
used for the transportation of mate- 
rial. The hauling cost is very low but 
they require special loaders and 
stackers and do not take kindly to 





boulders. At Grand Coulee the main 
conveyor for excavation had a 60-in. 
belt, was a mile long with a 400-ft 
lift, and handled 2,000 cu yd per hour. 

Miscellaneous Excavating Equip- 
ment. In general, American equip- 
ment has been designed to take a bite 
at a time whereas European engineers 
have favored continuous digging with 
chain-and-bucket excavators. Ameri- 
can engineers have used this principle 
mostly for underwater digging and 
for trenching machines. On large 
pipelines, trenching machines are 
used that will handle 350 cu yd per 
hour. 

Hydraulic Excavation. When 
high-pressure water is available, or 
water and cheap power, hydraulic ex- 
cavation is sometimes economical. 
A water jet directed against the cut 
by means of a large nozzle or monitor 
will both dig and transport dirt down- 
hill. For a long time this method was 
standard practice in placer mining, 
and is now used for trimming slopes 
on the Panama Canal. 

Dredges. For subaqueous excava- 
tion, floating dredges have been de- 
veloped that correspond in type to the 
machines used in the dry, that is, 
dipper dredges like power shovels for 
hard digging; clamshells for sand 
and silt; and ladder dredges with 
bucket chains for sand, gravel, and 
similar digging. Dippers range from 
10- to 16-cu yd capacity, clamshells 
to 18 cu yd. The usual gold dredge 
with 8-cu ft buckéts on the ladder 
has a capacity of about 250 cu yd per 
hour, but several 16-cu ft monsters 
have been built. Ladder dredges 
are equipped with belt conveyors 
which deposit the dredged material 
behind the dredge (as in placer mining 
operations for gold), or on the banks 
of the channel in which the dredge is 





working, or on barges for disposal 
away from the site. 

The suction dredge is provided 
with a cutter head which breaks and 
feeds material to the suction pipe of a 
centrifugal pump whence it passes 
through a discharge pipe, usually 
carried on pontoons, to the disposal 
site. A large suction dredge may 
have a 30-in. discharge line capable 
of handling more than 20,000 cu yd 
of material per day to a distance of 
two miles, and will require 3,000 hp 
at the pump and 600 hp at the cutter. 
Some suction dredges are built as 
self-propelled ‘‘hopper’’ dredges, ca 
pable of transporting the dredge mate 
rial to sea for dumping. 

Similar large pumps are sometimes 
used in the construction of earth 
dams, the suction being taken from a 
“hog box’ into which excavated 
material is dumped. 

Compaction of Earth. Watertight 
earth embankments were first made 
by compacting the earth with human 
feet. Then animals were employed 
such as goats and sheep, and in India, 
elephants. Eventually rollers of dif- 
ferent types were developed. It was 
found, however, that smooth rollers, 
no matter how heavy, compacted 
only the surface of the fill, so ‘‘sheeps 
feet’’ were added. A modern sheeps 
foot roller weighing 15 tons will com 
pact an area 10 ft wide and will exert 
a pressure of 640 Ib per sq in. on each 
“‘foot,’’ some 6 in. beneath the surface 
of the fill. Such rollers are pulled by 
crawler-tread tractors back and forth 
over the fill, previously dumped and 
spread in 7-in. layers by bulldozers, 
until the desired degree of com 
paction is attained. 

Where a dam is built by the hy 
draulic method, the discharge pipes 
are arranged so as to dump the mate 
rial on the casings of the dams, the 
water being allowed to flow to a pond 
maintained along the axis of the 
dam and then pumped out after the 
solids have settled. This operation 
grades the material from coarse in the 
casings to fine in the middle. 

Rock Excavation 

Excavation as opposed to quarrying 
really began when gunpowder was 
used in German mines in the seven- 
teenth century, and the art advanced 
rapidly with the invention of dyna- 
mite in 1870. Although blasting 
methods have been improved, the 
real problem since has been how to 
drill holes. 

Drilling. Percussion drilling in 
rock followed closely on the develop 
ment of steel. A man pounding a 
drill with a hand hammer became the 
symbol for rock work. Then drill 
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teams were organized with one man to 
hold and turn the drill and one, two, 
or even three to pound it with 
sledge hammers. The use of the 
sledge became an art, and workmen 
were proud of their ability. - For 
down holes a churn drill was some- 
times used. This consisted of a 
heavy bar raised and dropped by 
four men. 

As recently as fifty years ago a 
large part of the rock broken in 
America was drilled by hand. Hand 
drilling was particularly adaptable 
for work in the open where plenty of 
labor was available. In_ tunnels, 
where the area of the working face is 
limited, rapid progress demanded 
faster drilling. It was therefore 
natural that the first mechanical 
rock drills were developed for two 
long tunnels, the Hoosac Tunnel in 
Massachusetts after 1856 and the Mt. 
Cenis Tunnel under the Alps. The 
Europeans struggled with the de- 
velopment of hydraulic drills but 
Americans started with compressed 
air as a source of power, and today it 
is practically the only source. 

The development of the air drill 
was rapid. The early models were 
all piston drills, which imitated the 
action of the churn drill. For down 
holes, water was poured in the drill 
hole and the reciprocating drill steel 
pumped or splashed the cuttings out 
of the hole most inefficiently. About 
1908, hollow drill steel became avail- 
able, and J. G. Leyner in Colorado 
made practical a drill he had invented 
some ten years before. This was a 
hammer drill, and it washed out the 
cutting by feeding both water and 
compressed air to the cutting edge 
through the hole in the steel. The 
resulting increase in efficiency soon 
forced the big drill manufacturing 
companies to buy Leyner’s patent 
rights, and the piston drill is no more. 

Hammer drills for down holes in 
the open are made in sizes that are 
hand held and require no mount- 
ings; for larger sizes the wagon 
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The guide 


mounting is standard. 
frame, at first vertical, is now pivoted 
so that holes can be drilled at any 
angle. 

For deep holes of large diameter in 
quarries or similar work, the churn 


or well drill is still used. Such drills 
are now mounted on crawler treads 
and are powered by diesel engines. 
The core drill or diamond drill is 
used primarily for exploration. 

The development of hard steel for 
drill bits was unable to keep pace 
with that of the machine; in hard 
rock half the machine's efficiency was 
lost on account of the time required 
for handling and sharpening bits as a 
result of wear and breakage of their 
cutting edges. In America detach 
able bits were devised which can be 
changed at the drill and sharpened 
by grinding. German metallurgists 
made more durable cutting edges by 
brazing strips of tungsten carbide to 
the drill rods. The development of 
this type of cutting edge, interrupted 
in Germany by the second World 
War, was taken over by Sweden. 
In Sweden, mining and tunneling 
operations are far ahead of those here 
in this respect; I found nothing but 
carbide cutting edges in use there 
over four years ago. The Swedes 
have adopted the chisel-type bit 
whereas in this country the cross bit 
is largely used. 

For the soft Midwestern shales, 
the coal saw has been modified to saw 
a 6-in. kerf 8 ft deep at the desired 
boundary of the excavation, thus 
making line drilling unnecessary and 
eliminating overbreak. 

Explosives. Since the invention of 
dynamite, progress in the art of 
breaking rock has resulted from the 
development of explosives to meet 
specific conditions, as well as from 
the control of individual explosions. 
At first all shots were fired with a 
fuse, cut to lengths that produced 
nearly simultaneous or successive 
firings as desired. Then came the 
electric detonator, enabling a group 
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Earth movers now generally travel on giant 
pneumatic tires to provide maximum flota- 
tion and longer wear and handle more 
tonnage at lower cost. Tires on Caterpillar 
at left were made by Goodyear for use on 
highways and airports, in logging operations, 
and in stripping and handling ore and coal. 
Le Tourneau (far left) is handling clay and 
gravel at Trawick Oil Field, Texas. 
guide of holes to be fired at the same in- shaft bottom. Another mucker con- 400 ft have been reached success- 
voted stant. Finally the delayed-action sists of a clamshell bucket operated fully. 
any exploder was developed, which now by a traveling crane, its rails being To reach still greater depths in 
permits as many as 12 rounds to be supported by a structural frame sus- Europe, the freezing method was 
er in fired in succession by a single elec- pended by four cables leading to developed. In this process a ring 
hurn trical impulse. winch drums at the top of the shaft. of cased holes approximately 3 ft 
drills . . Water handling in shafts has al- apart is drilled around the shaft loca- 
reads Quarrying and Tunneling ways presented a great problem. In _ tion, interior pipes are inserted, and 
ee. The drilling and blasting equipment brief, the art has progressed from chilled brine is circulated within the 
ill is just discussed has been applied to bailingtopumping,andfrom pumping casings for several months until a 
quarrying and, in quarries producing to grouting the waterbearing fissures huge column of frozen ground is 
1 for stone for crushing, thisequipment and and thus avoiding the issue. created. The shaft is then sunk 
pace big power shovels and trucks have Shafts in Earth. Shafts in earth through the frozen ground and lined 
hard lessened the labor cost tremendously. were first sunk by digging and timber- in the open. Scores of difficult jobs 
was The quarrying of building stone, how- ing, and methods of forepoling and have been completed successfully in 
ured ever, remains a laborious operation. sheetpiling were devised centuries this way, and depths attained far be- 
as a Two additional devices have been ago. The difficulty and danger of yond the reach of caissons. 
their worked out to lower labor cost, both such methods forced mechanization Up to now, American engineers 
ach harking back to the Egyptians but as soon as mechanical power became and contractors have been backward 
n be power operated. The first is a calyx available. in using this idea, and the only job 
ened drill and the second a wire saw. The first departure from the early done in this country comparable to 
gists These cut by abrasion as of old but method of shaft construction was those in Europe was the recent sink- 
s by are now complementary. Two holes the use of hollow caissons which ing of a potash shaft in New Mexico. 
e€ to are drilled big enough to contain sink of their own weight when the This shaft penetrated 350 ft of wet 
t ol the sheaves around which the wire material inside is removed. Brick rock with unconsolidated layers of 
pted operates, and as the sheaves are work soon replaced weighted timber sand and silt, and required the drill- 
orld gradually lowered, the wire cuts a and concrete replaced brick for cais- ing, by rotary drills, of twenty-eight 
den. narrow vertical kerf between them. son construction. 360-ft holes located on a 31-ft-dia 
ling Shafts in Rock. Shaft sinking was In 1830 Lord Cochrane conceived circle around the shaft. 
here one of the earliest forms of mining _ the idea of closing the top of the cais- Also developed in Europe to a 
but but was the last to be mechanized. son and expelling the water within it much greater extent than in this 
are For centuries broken rock was carried by compressed air pumped through country is the cementation of rock 
des up ladders on human backs. Then the bulkhead. This required an air fissures by drilling deep holes and 
bit winches were invented, driven by lock in the bulkhead to pass men and _ grouting them in advance of excava- 
bit manpower, horsepower, water power material. His bold idea made pos- _ tion. 
and finally steam and electricity. sible the sinking and sealing of cais- Tunnels in Rock. The demand for 
les, Although methods of drilling and sons in difficult wet ground much speed in driving rock tunnels created 
omy blasting progressed, until recently more safely. the pneumatic drill, and progress in 
red shafts were mucked by hand into tip Shaft caissons, generally speaking, the art depended for several decades 
hus buckets. It is worth noting that the will not sink much beyond 100 ft upon its development. Piston drills 
und fastest shaft sinking progress ever since the outside skin friction in- and the heavy columns and arms 
, attained, nearly 450 ft in a month, in creases until movement stops and upon which they were mounted were 
br South Africa, depended on hand cave-ins occur. Since very deep __ poor tools for drilling horizontal holes, 
of mucking. overburden exists in certain European and hand mucking gangs could load 
the In America, clamshell buckets are mining districts, other means of all the muck produced. With the 
a used to load large shaft buckets. In sinking had to be attempted. One rapid improvement of the Leyner 
-_ one scheme a bucket provided with an method was to construct within the drill and the introduction of drill 
- independent pneumatic closing mech- first caisson a second caisson built of | carriages and the full-face method of 
ie anism is hoisted, by an independent cast-iron segments, which was sunk drilling, mucking became the retard- 
ped engine in or on top of the shaft, by means of hydraulic jacks bearing ing factor, and a demand arose for 
_ only high enough to dump into the against a ledge attached to the first machines. 
the bucket, and is guided and operated caisson. Sometimes even a_ third In bores as large as railroad tunnels 
- by a foreman and four muckers on the caisson was required, and depths of - or larger, railroad-type shovels, 
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equipped with short beams and dipper 
sticks and operated by compressed 
air, were used even in the heading- 
and-bench days to load dump cars 
behind the bench. Today electric 
powered rotary shovels are used; 
when haul is not too long, diesel 
powered trucks have been used in 
place of cars. In small tunnels, shovel 
loading is not feasible, and beginning 
about 1915, flip-over bucket loaders 
came on the market. In general this 
type digs by moving bodily against 
the muck pile; the bucket then casts 
its load onto a belt which discharges 
into the car or truck. The 100-hp 
electric Conway loader now has a 
capacity of 100 cu yd per hour in good 
digging and will operate in a 12'/,-ft 
circular bore. For smaller tunnels, 
the Eimco-type loader, whose bucket 
discharges directly into a car behind, 
is a popular and satisfactory machine. 

Greater speed and better safety 
standards have brought forth many 
other mechanical improvements, of 
which a few can be mentioned: auto- 
matic drill feed; a carriage with 
drills mounted on booms which per 
mits almost instantaneous set-up 
and movement; a cherry-picker or 
transfer platform to reduce switching 


time for cars behind the loader: 
storage battery locomotives with 
quick-change batteries; cars with 


powerful blowers, 
10,000 cu ft of 


roller bearings; 
discharging up to 


free air per minute through 5 miles of 
pipe. 

Most of these improvements are 
American, and this country holds all 
records for speed in driving rock tun 





nels. However, in Norway and 
Sweden, tunnels in good rock with a 
cross section of 250 sq ft or more are 
being driven for a total labor cost of 
1'/, man-hours per cu yd. 

The engineers and managers seek 
economy rather than speed, and favor 
short headings. The workers co- 
operate, in that a member of the 
tunnel workers’ branch of the con- 
struction union is willing to do, and 
does do, any kind of job in a tunnel, 
and the question of jurisdiction does 
not arise. In 1948, at Vinstra in 
Norway, I saw a long hydro tunnel 
with a cross section of 325 sq ft being 
driven from a number of headings, 
with crews of four men per heading 
per shift, at a rate of slightly over 10 
ft per heading per day of three S-hour 
shifts. At each heading the four 
men drilled, blasted, and mucked an 
average of 40 cu yd of solid rock, and 
in addition laid track, extended pipe 
and wires, and operated the dinky 
to the dump. All drilling was done 
with jackhammers on jack legs. 

Tunnels in Earth. As in shaft 
sinking, ingenious methods of timber 
support for tunnels in earth were de- 
vised centuries ago, but where the 
ground was so wet that inflowing 
water carried material with it, no 
timbering was adequate. To over- 
come this difficulty the English engi- 
neer Brunel devised the tunnel shield 
in ISIS, and in 1825 began with it to 
drive a tunnel beneath the Thames, 
which after 17 years of effort and 
many disasters, he finally completed. 
A quarter of a century later another 
Englishman, Greathead, improved 






























At Alameda Air Base near 
Cakland, Calif., wood and 
composite piles are driven 
on 5 to 12 batter to close 
tolerances by two Univer- 
sal rigs of Raymond Con- 
crete Pile Co. One has 
80-ft leads and weighs 80 
tons, the other has 96-ft 
leads and weighs 85 tons. 





the shield and applied the pneumatic 
process successfully in driving a sec- 
ond tunnel under the same river. 

Today shield tunneling with com- 
pressed air is commonplace, and in 
New York City alone there are some 
38 subway, railroad, or vehicular tubes 
beneath the Hudson and East rivers, 
each tube about a mile long. Great- 
head's shield has traveled a long way 
from the Thames. 

The plant required for one of these 
tunnels, especially a vehicular bore, 
is most impressive. From 7,000 to 
20,000 cu ft of free air must be al- 
lowed for each heading. For the four 
headings on the Manhattan side of 
the Fulton Street Tunnel, 28,000 cu 
ft of compressor capacity was pro- 


vided, driven by 3,000 electrical 
horsepower. The jacks used in the 
shields have 10-in. plungers and 
work under pressures sometimes 


reaching 6,000 psi. Since 1S are 
required for a subway shield and 30 
for a vehicular, the hydraulic pump 
and accumulators must be large. 
Subaqueous tunnels are lined with 
bolted segments, usually of cast iron. 
Each segment weighs from 1,700 to 
3,100 Ib, so a_ hydraulic erector 
pivoted on the center line of the 
shield is used to erect them. Hy- 
draulic and pneumatic bolt tighteners 


have been used to do the heavy 
work of bolting the segments to- 
gether. 


Usually muck taken in through the 
shield pockets is moved to the shaft 
in cars. At the Sumner Tunnel 
under Boston harbor, the excavated 
clay was transported from the head- 
ing to the disposal bins by belt con- 
veyors in the tunnel and by a scraper 
conveyor up the shaft. An ingen- 
ious double-barreled lock with gates 
and air valves that opened and closed 
automatically was used successfully 
to carry the stream of muck through 
the air bulkhead. 


Foundations 


Deep foundations are essentially 
modern. The ancients had to rely 
on the ground as they found it, and 
bad guesses as to underlying mate- 
rial damaged or wrecked innumerable 
great edifices. With mechanical 
power came the ability to reach a 
firm stratum—by boring for ex- 
plorations, and by deep pile driving 
or by shaft sinking methods for sup- 
port. Foundation failures have be- 
come relatively rare. 

In ancient days piles were driven by 
hand power, and later, after the in- 
vention of leads, by tripped drop 
hammers raised by winches. Pene- 
tration and supporting power re- 
mained low until the steam hammer 
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was adapted to pile driving, when it 
became possible to drive piles to 
depths of 80 to 100 ft. Large leads 
were developed to handle a heavy 
hammer and long piles, their bed 
frames resting on greased rollers for 
movement forward, backward, and 
sidewise. Leads are now usually 
carried on a rotating frame, similar 
to that of a power shovel and mounted 
on wheels or crawler treads. For 
water work they are carried on a 
scow. 

Two types of hammers are in use, 
the Vulcan, a long-stroke machine 
in which the steam only lifts, the 
hammer falling of its own weight, 
and the McKiernan-Terry or double- 
acting type of hammer. The Vulcan 
is generally used on large wooden 
piles, and the McKiernan-Terry on 
steel piles and sheetpiling. 

Unlike other branches of construc- 
tion work, pile driving has not pro- 
gressed much since the steam hammer 
was perfected, although the man- 
hours per pile have been reduced. 
For wood piles the record was made 
in 1918 at Hog Island, when one 
crew drove two hundred and twenty 
65-ft piles, an aggregate length of 
14,300 ft, in nine hours. 

Other types of piles developed in 
the last three or four decades are the 
H-beam pile; the blown-out pipe 
pile; the Drilled-In caisson, com- 
bining drilling and driving; various 
concrete piles; and most important, 
the interlocking steel sheetpile, which 
makes possible open excavation to 
much greater depths than before. 
One of the box cofferdams for the 
George Washington Bridge was 85 
ft below the water surface at the 
deepest point. 

In addition to cofferdams of various 
types, caissons, open and pneumatic, 
are particularly suitable for bridge 
pier foundaticns. The limit of com- 
pressed air work remains at a little 
over 100 ft below the water surface, 
but many open caissons in suitable 
material—-silt or soft clay —have been 
dredged to much greater depths. 
One of the Tacoma Bridge caissons 
was sunk to a depth of 225 ft. 


Building Construction 


In the field of buildings, we excel 
the ancients in the use of only two 
materials, structural steel and con- 
crete. Steel erection methods have 
changed little since structural shapes 
became available; guy derricks are 
used for buildings and various kinds 
of travelers for bridges. The use of 
air hammers for driving rivets has 
become universal. Autogenous weld- 
ing by gas or electricity is being used 
more and more in steel fabrication of 
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It was found that smooth rollers, no matter how heavy, compacted only surface 
of fill, so “‘sheeps’ feet’’ were added. Here top of a dam is rolled with two 
International TD-24’s, each pulling four sheepsfoot rollers, or 40 tons. 


all kinds. The big advance has really 
been in the production of more useful 
sections, which the Gray mill, in- 
vented in England and brought to 
this country in 1904, made possible. 
Rolled girder beams 36-in. deep and 
weighing 300 lb per ft, and H-columns 
with a 125-sq in. cross section are in 
common use. 

The increasing use of concrete has 
necessitated the development of so 
many appliances that they can only 
be listed: 


Rock crushing and screening plants 
with capacities up to 1,000 tons per 
hour. A big primary breaker has 
jaws with a 5-ft 6-in. X 7-ft O-in 
opening and it weighs 280 tons 

Automatically controlled conveyors for 
handling all materials in the plant 
and thence to the batcher plant 

Pneumatic equipment for unloading 
bulk cement from cars, storing it in 
silos, and delivering it to the batcher 

Automatic weighing and _ recording 
batchers which control the ingredi- 
ents of each batch of concrete within 
2 percent 

Mixers may be divided into: station- 
ary, with tilting conical drums for 
control plants, up to 6-cu yd size; 
truck-mounted for delivering con- 
crete over wide areas, water being 
added and mixing carried on en route; 
crawler-mounted, with tandem drums 
for rapid paving; and others for 
special purposes 

Equipment for conveying concrete to 
the forms includes crawler cranes; 
long-boom whirler cranes on tracks; 
giant cantilever cranes; cableways; 
Rex pumps and pneumatic blowers 

Pneumatic and electric vibrators for 
compaction 

Refrigerating equipment and freezing 
plants for chilling aggregates and mix 


water 
Incidentally, the Grand Coulee 
Dam still has the record for fast 


pouring and is likely to keep it for 





some years to come. In October 
1939, a total of 530,475 cu yd were 
placed in the dam. 


Where Are We Going? 


In this outline of the history of cer- 
tain phases of construction work and 
the development of their mechaniza- 
tion, we have seen animal power 
replaced by steam and steam by 
internal combustion engines and elec- 
tric motors. We have noted the in- 
vention of new equipment and the 
tremendous increase of efficiency of 
all tools both new and old. We 
have watched the machines for han- 
dling large quantities of materials 
themselves grow bigger and bigger. 
But what we may not have realized 
is that the rate of improvement of 
things mechanical has increased in re- 
cent years. Weare on the fast rising 
portion of the logistic curve. 

In short, we are acquiring the 
ability to rebuild the earth and the 
question arises, How do we want it 
rebuilt in order to make it a better 
place in which to live? Certainly if 
we restore our wasted soil, conserve 
our forests, purify our waters, and 
eliminate our dreadful slums we shall 
be on the right path. But if all we do 
is to cover our urban areas with sky- 
scrapers and factories and our coun- 
tryside with transmission towers and 
concrete superhighways, and convert 
all our rivers into chains of lakes by 
building more and greater dams, then, 
no matter what our purpose, I doubt 
if we shall be any better off. It is 
high time for engineers in general and 
construction men in particular to ask 
themselves ‘“‘Where are we going?”’ 


( This article is based on the paper presented 
by Mr. Donaldson at a Construction Division 
session presided over by A. H. Ayers, chair- 
man of the Division's Executive Committee, 
at the Centennial Convention in Chicago.) 
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Construction by contract method— 


Because civil engineers and general 
contractors are members of the con- 
struction team which has done so 
much to make the United States a 
leading nation of the world, this 
joint session of the Construction 
Division of ASCE and the Associated 
General Contractors of America is 
particularly appropriate. 

In recent years there has been a 
steady increase in the proportion of 
men in executive and ownership 
positions in general contracting firms 
who are civil engineers. This, we 
believe, indicates that the business 
of construction is constantly becom- 
ing more complex so that a sound 
engineering training is essential, and 
also that there is constant improve 
ment in the quality of construction 
men. 

Certainly it is significant that the 
Construction Division of ASCE has 
grown from its original membership 
of 1,615 when it was established in 
1926, to more than 12,300 at present, 
making it ASCE’s largest Technical 
Division. This is perhaps appropri 
ate because construction now has 
become the largest single industry 
in the nation. ASCE records show 
that approximately 40 percent of the 
membership of its Construction Di 
vision are owners, executives, or man 
agers of contracting companies 

The subject assigned to me is the 
development of the construction 
industry and the contract method 
in the United States. This subject 
is so vast that little more than a brief 
introduction to it can be given here. 
There is a wealth of material but it is 
mostly uncoordinated. Apparently 
those who have been engaged in the 
construction industry, not only in 
this country but throughout the 
world in all ages, have been so busy 
doing their job that they have not 
taken the time to record their activi- 
ties for future generations. 

My purpose here is to mention 
briefly a few highlights to illustrate 
significant points about the construc- 
tion industry and the vital part it has 
played in the development of the 
nation. 


Construction Through the Ages 


The history of the human race is 
in large part the story of man’s 
struggle with his environment. In 
that struggle the basic needs of men 
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and women have been food, clothing, 
and shelter. Of these the most dur- 
able is shelter. As far back in history 
as archeologists have been able to 
find traces of human life, they have 
also found evidence of construction. 
Presumably one of the first wants of 
man was shelter for himself and his 
family. 

As soon as civilizations began to 
develop there arose the need for 
structures and facilities for the pro- 
duction of goods, trade and com- 
merce, transportation, education, re- 
ligion, the development of natural 
resources, public buildings, safeguards 
to health, life and property, and the 
many other types of facilities which 
our modern civilization has found 
necessary or desirable. 

Little is known about the construc- 
tion industry in early times when the 
wonders of the ancient world were 
built. But in ancient Greece, when 
many structures were built which are 
still famous today, Greek law and 
custom prescribed relationships be- 
tween the contractors and the gov 
ernment which are strikingly similar 
in principle to the contractual rela 
tionships prevailing today. 

The contractors were required to 
work continuously, to hire sufficient 
numbers of qualified workmen, and to 
guarantee quality of performance. 
There were penalties for delays or 
failure to complete the work. Pay- 
ments were made in installments as 
columns or pediments rose to com- 
pletion. The precedent was set 
that a percentage of the contract 
price be retained until the project was 
completed. 

It was during the days when Im- 
perial Rome ruled a great part of the 
world that construction companies 
much as we know them today came 
into being. Their Greek predeces- 
sors worked independently in small 
groups. But the Roman contractors 
formed large companies to undertake 
the huge construction projects of the 
time. They came to realize the 
complexity and the risks which were 
involved. They believed that by 
incorporating many talents under a 
single management the risks could 
be minimized and better controlled. 
The Romans who undertook whole 
projects were awarded their con- 
tracts under a bidding system similar 
to that which exists today. 
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After the fall of Rome the con- 
struction industry as such seems to 
have generally faded from view. 
Construction of a durable nature 
that was continued during medieval 
times seems to have been carried on 
mainly by the churches, whose ef- 
forts were concentrated on the build- 
ing of cathedrals, abbeys, and works 
of that nature. 

In Egypt, where it has been esti 
mated that there were barracks for 
4,000 workmen to prepare the stone 
for the great Pyramids, and in Mes 
opotamia where there were vast ir- 
rigation projects, much of the actual 
construction work was done by 
slaves, who were often prisoners of 
war. This custom seemed to prevail 
also in Greece and Rome, although 
some of the more skilled workers 
were free men. The designers, who 
were also responsible for the execu- 
tion of the work, were men in high 
positions at court. 

What little is known about the 
contractors of medieval England 
points to their having risen out of 
the ranks of the free masons. Train 
ing was later specialized to develop 
two types of masons: one skilled in 
the actual stonework and the other 
in the planning and designing of 
buildings. The former apparently 
was the forerunner of the modern 
contractor; the latter, of the modern 
architect. 

Rules for the mason’s craft were 
drawn up in London in 1356. One 
of the most interesting rules is one 
which provided for a guarantee of 
ability and responsibility. As de 
scribed by Martin S. Briggs in his, 
A Short History of the Building Crafts: 


Anyone undertaking a contract was to 
come before the good man for whom he 
was going to work, with four or six ex- 
perienced masons who should swear that 
he was capable of doing the job, and that 
if he failed they would themselves com 
plete the work on the same terms. 


In early England, the builder was 
the master mason who fulfilled the 
three functions of designer, builder, 
and master of the works. In the 
latter capacity he supervised the 
operations to make certain that they 
were done properly and that the 
workmen were paid according to their 
ability. 
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an American tradition 


Development of Construction Industry 


While the construction industry as 
developed in this country is unique, 
just as the nation itself is unique, its 
principal traditions came from Eng- 
land. The early methods, materials, 
contract forms, and practices of the 
industry came primarily from Eng- 
land and from the other European 
countries from which the settlers 
came. 

Written contracts were in use in 
the early days. Sumner C. Powel has 
reported, in the Journal of the So- 
ciety of Architectural Historians, 
that the first full contract recorded 
in the town book of Sudbury, Mass., 
in 1642, provides in part as follows: 


. . the said Ambrose doth promise to 
build a sufficient cart bridge over the 
river three foote above highwater and 
twelve feet wide from the one side of the 
river to the other, provided that the 
towne doth fell & cross cutt the tymber 
and saw all the plank and carry it to 
place and when it is ready framed, the 
town doth promise to help him to raise it. 


In another contract in Sudbury, 
dated February 17, 1642: 

It is agreed between the townemen of 
the towne on the (one part) .. . and John 
Rutter on the other part that the said 
John . for his parte shall fell, saw, 
hew a frame house for a meeting house 
thirty foote long, twenty wide, 
eight foote between joynte, three foote 
between studde, two cross dorments in 
the house, six clear story windowes with 
four lyghts a peece and foure with three 
lyghts a peece and to ententise between 
the studde which frame is to be ready to 
raise the fourth week in May next 

And the towne for their parte do cove 
nant to draw all tymber to place and to 
help rayse the house being framed and 
allsoe to pay to the said John Rutter for 
the said house six pound, that is to say 
three pound to be paid in corne at three 
shillings a bushell or in money in and upon 
the twenty-seventh day of this present 
month and the other three pounds to be 
payd in money, corne or cattle, the corne 
and cattle to be prized by two men of 
the town, one to be chosen by the towne 
and the other to be chosen by John Rut 
ter, and to be paid at the time that the 
frame shall be by the said John Rutter 
finished. 


foote 


The American construction indus- 
try did not get its real start until 
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after the Revolution. England had 
used the American Colonies primarily 
as a source of raw materials for its 
factories. Much of what was built 
during Colonial days was done by the 
British or under their direction. It 
was not until the United States be- 
came independent that it set out by 
its own efforts to become self-suf- 
ficient. 

After the American Revolution 
there was the immediate need for 
structures to house manufacturing 
processes so that goods formerly sup- 
plied by Great Britain could be pro- 
duced at home. The American 
Peoples Encyclopedia reports that: 


The history of construction in the 
United States reflects in an exaggerated 
form the forces of industrialism which 
combined to cause fundamental changes 
in building, and to constitute the ac 
tivity as an “industry”’ in its own right 
throughout the Western civilization 


As a result of the need for large 
industrial buildings, the Encyclo- 
pedia reports, the amateur designer 
and the anonymous builder yielded 


to the professional architect and 
workman, and _ building design 
changed to meet new needs. Tech- 


niques and methods still followed 
earlier procedures. But the needs of 
factories for large rooms, for floors 
and walls of great strength to sup- 
port heavy machinery, for illumina- 
tion, temperature control, and ease of 
mobility for materials and personnel, 
demanded more than could be sup- 
plied by previous structural theories 
and customary techniques. These 
demands led to the development of 
new techniques. 

A decisive point in the history of 
American construction, the Encyclo- 
pedia reports, was the elevation of 
the mechanic to the rank of engi- 
neer, with a professional status dis- 


tinct from that of the architect. The 
Encyclopedia adds: 
The engineer's dedication to tech 


nology assured the rapid development of 
new methods and new processes to which 
subsidiary industries could contribute an 
increasing share. 


Early American Construction 


Some of the construction work 
done during the first half of the last 
century gives an indication of how 
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the industry developed, and how im- 
portant it was to the opening up and 
development of the country. For 
more than two hundred years after 
the early settlements were made in 
Virginia and New England, the rivers 
were the principal highways and 
Colonial America expanded along 
those waterways, first up the rivers 
flowing into the Atlantic and then 
down those flowing to the Lakes and 
the Mississippi. 

But under the pressure of continued 
and rapid expansion these natural 
means of transportation and com- 
munication ceased to be adequate, 
and it became essential to provide 
access to large parts of the country 
which were distant from the coastline 
and the principal waterways. So 
canals were built to furnish a route 
for settlers to go West and make 
possible their livelihood after they 
got there. During the early dec- 
ades of the nineteenth century, civili- 
zation spread rapidly along the rivers 
and into the wilderness through a 
spreading network of canals. 

The first canal begun in this coun- 
try was the Dismal Swamp Canal in 
Virginia. It was started in 1787 and 
is still the oldest canal in use in the 
United States. The first canal to be 
completed in this country was built 
at South Hadley, Mass., from 1792 to 
1796. It was financed privately with 
funds raised partially by public lot- 
tery. In England and the United 
States this seems to have been a 
popular way to raise funds for canals. 

The first major canal was the Erie 
Canal, opened to traffic from the 
Hudson River to Buffalo in 1825. 
This canal paid its own expenses and 
all those of New York State for 
many years, and millions of its sur- 
plus earnings were later used to de- 
velop the state’s early railroad lines. 
This canal was one of the principal 
reasons for the growth and develop- 
ment of the City of New York as a 
major port. 

Early canals in this country were 
built by private stock companies be- 
cause the authority of the Federal 
Government to construct such struc- 
tures as canals and highways was a 
bitterly contested political issue. The 
contract method of construction was 
used. Contracts were usually for 
short stretches, enabling many con- 
tractors to work on one canal. At 
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one time there were 6,000 bids for 
contracts to be awarded on 110 sec 
tions of the Ohio canals, varying in 
length from 2,000 ft to 14 miles, 
depending on the number of locks or 
other structures per section. This 
work attracted not only local bid 
ders, but those who had worked in 
other states. 

Despite floods, malaria, labor short- 
ages, and a lack of trained engineers, 
contractors built more than 4,500 
miles of canals in the United States 
from 1800 to 1850 at a cost of more 
than 200 million dollars. Ohio alone 
had a canal system almost a thousand 
miles in length. 

By joining the inland areas with 
the Atlantic, the canals launched the 
development of the Middle West. 
The economic benefits were incalcu 
lable. Examples such as the follow 
ing from Ohio are typical: From 1820 
to 1840 population increased from 
581,000 to more than _ 1,500,000. 
Property value increased from 59 
million dollars in 1825 to 440 million 
dollars in 1850. Also the price of 
flour increased from $3 to $6 a barrel 
between 1826 and 1835, and the price 
of wheat trebled between 1820 and 
S32. 

The need ior a comprehensive 
system of adequate highways was 
foreseen more than a hundred years 
before it approached a semblance of 
reality. There has been a complete 
cycle in the relation of the Federal 
Government to highway construc 
tion during the nation’s history 
First the Federal Government par 
ticipated directly in the work. Then 
it retired and turned the work over 
to the states. They in turn left it to 
counties or other local authorities 
until New Jersey reversed the trend 
in IS91 by state aid. The current 
federal-aid system was established in 
1916. ; 

The importance attached to early 
roads is evidenced by the Act of 


1802, which admitted Ohio, to the 
Union. This contained a provision 
setting aside 5 percent of the net 


proceeds from the sale of public land 
in that state for the construction of 
public roads leading from the navi 
gable waters emptying into the At 
lantic to Ohio’s border and through 
the state. 

One of the first roads built by the 
Federal Government was financed by 
funds resulting from the sale of pub 
lic lands in Ohio, which amounted to 
over $600,000 by |S06. In that year 
Congress appropriated $30,000 of 
that sum and authorized the Presi 
dent to appoint a commission of three 
“discreet and disinterested citizens” 
to lay out a road running westward 
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from Cumberland, Md. This was the 
beginning of the famous Cumberland 
Road, now U.S. 40, which had been 
strongly advocated in 1785 by George 
Washington, who as a colonel in the 
British Army in 1754 had widened 
the trail at Wills Creek, Cumberland, 
Md., to allow passage of his artillery. 

On May 8&8, ISII, Henry McKin- 
ley, a Maryland contractor, signed a 
contract with Albert Gallatin, Sec- 
retary of the Treasury, for the first 
section of that road starting in 
Cumberland and “ending at a place 
on said road two miles and two hun- 
dred and forty-six perches distant.” 
A perch was 16.5 ft, or the equivalent 
of a rod in length. For that he bid 
and was to be paid $21.25 for each 
perch. 

The contract contained essentially 
the same features as present-day con- 
tracts. It was publicly advertised 
and awarded to the lowest bidder; a 
completion date was established with 
a penalty for non-fulfillment; pro- 
vision was made to assure payment 
to subcontractors and suppliers; and 
a schedule of partial payments to 
the contractor was set up. 

On or near the Cumberland Road 
two important events in road build- 
ing occurred. The first macadam 
surfacing in the United States was 
laid on an 11-mile stretch between 
Boonsboro and Hagerstown, Md., 
in 1823, and the first cast-iron bridge 
was built in Brownsville, Penn., 
in 1839, both by contractors. Con- 
struction of the Cumberland Road 
was supervised by the Corps of Engi- 
neers. 

Another great factor in opening 
and developing the nation during 
the early 1800's was the railroads. 
Valuable as the canals were, there 
arose pressing needs for additional 
methods of transporting goods from 
the Middle West to the East across 
the mountains. 

The first railroad to be chartered 
and built in the United States was 
the Baltimore & Ohio, the first 
stone of which was laid on July 14, 
1828. Construction was begun on 
the section between Baltimore and 
Wheeling, which had been surveyed 
by the U.S. Topographical Engineers, 
now the Corps of Engineers. 

The value of the contract method 
of construction was apparent to the 
founders of the railroad. On July 14, 
1828, notice was publicly given that 
between August | and 11 proposals 
would be received for the grading 
and bridge construction on the first 
26 sections from Baltimore to Elli- 
cott’s flour mill, a distance of 12 





value of using contractors is indicated 
by the second annual report of the 
president, who stated in part: 


The directors are not aware that any 
prejudicial consequences resulted from 
the short notice which preceded the first 
letting, or that greater competition 
would, at that time, have caused any mate 
rial change in the contract prices, which, 
although they are believed sufficient in 
every case to insure the contractors 
against loss, are not thought to be gener 
ally higher than has usually been paid 
under similar circumstances. 

So great, however, are the increased 
facilities now experienced from the im 
provements which have been introduced 
by the contractors on several sections by 
means of temporary railways for the re 
moval of earth, that a great reduction of 
cost will accrue to the contractors. The 
profitable results of these improvement 
will be felt in subsequent contracts. 


This prediction proved true, prices 
being lower on the next lettings, 
and the ingenuity of contractors 
reduced the cost of the entire line. 

After the Civil War the new in- 
dustrialism expanded throughout the 
country with lightning rapidity. 
The great fire in Chicago in 187] 
accented the need for fireproof con- 
struction. The availability of steel 
in the middle 1880's revolutionized 
building construction because the 
steel framework could support the 
weight of the building, and walls no 
longer had to be so heavy or so thick. 
In the 1870's portland cement came 
into being, and with it came a great 
influence on design and construction 
in nearly all fields. 


First Steel Skeleton Building 


It was in Chicago in !S885 that 
the first building with a steel skeleton 
was built, revolutionizing building 
construction. It was the Home In- 
surance Building on the northeast 
corner of South La Salle and West 
Adams streets. Heated arguments 
which developed in later years as to 
the validity of this claim were settled 
in 1931 when the building was torn 
down. Three committees of engi- 
neers and architects investigated and 
agreed that it was in fact the first 
building to utilize skeleton construc- 
tion as the basic principle of its 
design 

One of the greatest contributions 
America has made to construction is 
in the development and use of ma- 
chinery. While the first steam shovel 
was built in 1837, the greatest de- 
velopment in machinery was in the 
latter part of the nineteenth century, 


miles. Contractors were at work and in the’ twentieth century. 
on all sections by October 1. The Horse-drawn scoops were used as 
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early as 1805, but the development 
of powerful scrapers did not come 
until the twentieth century. 

The fresno scraper, the horse- 
drawn forerunner of the bulldozer, 
was patented in 1882. While steam 
tractors were used in agriculture as 
early as 1890, it was not until 1903 
that the first crawler tractor was 
manufactured. The use of low-pres- 
sure heavy-duty tires for construc- 
tion equipment did not come into 
use until the 1930's, after the con- 
tractors on the Bay Bridge in San 
Francisco had used airplane tires on 
some of their equipment. 

When one reviews the past one 
hundred years in construction one 
cannot help but be impressed by the 
tremendous changes and the tremen- 
dous strides that have been made 
during that period. 

While there were marvelous con- 
struction projects in the past, such 
as the Pyramid of Cheops, which 
took 30 years to build (and has, 
incidentally, half the volume of 
Boulder Dam which was built in 
five years); the 4,000-mile Inca high- 
way which rises to heights of 15,000 
ft; the Chinese Wall and hundreds 
of others, they are particularly re- 
markable for having been built al- 
most entirely by hand. 

A hundred years ago most Ameri- 
can construction was by hand, and 
aside from some use of cast iron or 
wrought iron, little change or im- 
provement had been made over 
the methods of the past. 

Today, such challenges as_ the 
unprecedented dams, irrigation, flood 
control, and power projects of the 
West are taken in its stride by the 
construction industry. It is worthy 
of note that in just one phase of the 
industry, the building of highways, 
construction contracts awarded by 
state highway departments through- 
out the country in one year, 1951, 
were for a total of 54,650 miles. 


The Early Contractor 

There is evidence that shortly 
after the settlement of some of the 
earliest American colonies it was the 
practice to have construction per- 
formed by contractors with written 
contracts. When buildings were 
primarily of wood, or brick and stone, 
the contractor generally was the 
master mason or master carpenter. 

But when structures became more 
complex; when steel, concrete, and 
other new materials came into use; 
when plumbing, heating, lighting, 
and later, elevators, were incorpo- 
rated in buildings, and when new ma- 
chinery came into use, it was no 
longer possible to have all the work 


under the direction of the mason or 
carpenter. 

When the construction industry 
was undergoing its period of fast 
growth and change after the Civil 
War, there were apparently also 
growing pains in its organization. It 
became necessary to develop some 
kind of organization that could com- 
bine and coordinate the various 
skills required for the new features 
of building. 

While more research needs to be 
done on this turning point in the 
history of the construction industry, 
it appears that somewhere during the 
middle 1880's the general contractor, 
such as we know him and his or- 
ganization today, first became recog- 
nizable. 

Before the bona-fide general con- 
tracting firms were organized to take 
complete and undivided responsi- 
bility for the execution of a project, 
it appears that sometimes the archi- 
tect or engineer who designed the 
project also coordinated the work of 
the various individual contractors 
and supervised their operations. 
Sometimes this function apparently 
was fulfilled by the owner, or a rep- 
resentative of the owner, such as the 
Corps of Engineers in the case of 
government construction. 

Early contracts were miuch the 
same as now, calling for guaranteed 
quality, penalties for delays or failure 
to complete the work; assurance that 
suppliers, subcontractors, and labor 
would be paid; and periodic pay- 
ments with a percentage retained for 
payment on completion and accep- 
tance. Most public works contracts 
seem to have been awarded after 
competitive bidding, as is the custom 
today, and they were at firm prices 
or so much per unit. 

In private work, there appears to 
have been some use of contracts on 
the basis of cost plus 10 percent, but 
that type of contract has been al- 
most entirely replaced by the cost- 
plus-a-fixed-fee contract. 

There is considerable evidence that, 
in earlier days, work privately financed 
was often undertaken and completed 
without formal contract; that much 
of it proceeded on the basis of a 
verbal understanding or of letters. 


Construction Industry Today 


A good way of making evident the 
development which has taken place in 
the construction industry in the 
United States is to glance at its pres- 
ent activities. During 1951 it was 
the largest single industry in the 
United States. The volume of new 
construction put in place was more 
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than 31 billion dollars, according to 
the revised estimates of the De- 
partments of Commerce and Labor. 
In addition, approximately 9 billion 
dollars worth of maintenance and 
repair operations were performed to 
bring the total volume of construc- 
tion activity to 40 billion dollars. 
This exceeded the total value of 
agricultural production, which nor- 
mally has been the greatest industry 
in the nation. Nearly one dollar in 
every eight created in end products 
and services in the United States in 
1951 was a construction dollar. 

Throughout the year an average of 
2'/, million men were employed 
each month by general contractors 
and subcontractors at the sites of 
construction projects. For each man 
working at the site, from two to four 
other jobs were created elsewhere 
in the production or transportation 
of materials and in the performance 
of services for the industry. 

Of this construction, more than 
21 billion dollars was privately fi- 
nanced, and more than 9 billion 
dollars was invested in public funds. 
Of the private funds invested, almost 
11 billion dollars went into residential 
construction; more than 5 billion 
dollars into non-residential building 
for industrial, commercial, religious, 
educational, health; and other institu- 
tional purposes; and more than 3 
billion dollars into public utilities. 

Of the public funds, more than 3 
billion dollars was invested for edu- 
cational and other public institu- 
tions; apf imately 2'/, billion 
dollars for highways; almost | billion 
dollars for conservation and develop- 
ment of resources; and more than | 
billion dollars for military construc- 
tion. 

During the first six months of 
1952, another record of nearly 15 
billion dollars in new construction 
was established. There is the pos- 
sibility that if materials are avail- 
able during the remainder of the year, 
another annual record of more than 
40 billion dollars in construction will 
be established. The impetus for a 
large volume of construction this year 
is from military, industrial, and public 
utility construction. 

These figures on construction ac- 
tivity are too big for most of us to 
comprehend readily. But they do 
clearly indicate that the construction 
industry is performing a tremendous 
amount of work for the nation and 
all of its communities. 

Construction now is not only a 
huge industry, but its work is 
fundamental to the growth and de- 
velopment of the nation and its com- 
maiities, and it plays a part in 
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practically every aspect of our civi- 
lized life. 

In the AGC we have used the 
phrase, ‘‘America progresses through 
construction.” We believe that to be 
true. And we believe also that 
the role of the construction man, 
like that of the engineer, is little 
understood by the general public. 

One of the reasons the United 
States has become a great nation 
is that there has been not only the 
genius, the foresight, and the courage 
to develop new industries and better 
ways of developing our resources but 
also a progressive and ever-develop 
ing construction industry which could 
fulfill the nation’s needs for physical 
facilities—an industry which has 
striven to retain its flexibility. 

Essentially it must be broadly 
dispersed in all its phases to meet 
local needs promptly. Through joint 
ventures the construction industry 
has learned to put its units together 
in any combination necessary to do 
the job. It must be present in all 
its phases at all times in every com 
munity if the full function of the 
industry is to be performed 

While we do not have accurate 
statistics on the volume of con- 
struction in the early days of the 
nation, a brief reading of history 
will indicate what a tremendous role 
in the country’s growth has been 
played by the construction industry 
in building for many purposes: in 
dustrial, conservation and develop- 
ment, transportation, commercial, 
residential, community, governmen 
tal, health, educational and institu 
tional, national defense, civil defense, 
and disasters. The industry has 
also kept pace in providing facilities 
for recent developments in such 
fields as aviation, electronics, and 
atomic energy. 

These are some of the reasons why 
all those men and women who are a 
part of the construction industry in 
one capacity or another can and do 
take pride in their accomplishments. 

New construction is probably the 
most spectacular function of the 
construction industry, but the in- 
dustry has many other jobs. The 
physical facilities of the nation, which 
were built by the industry, also need 
to be maintained, repaired, and re- 
modeled from time to time to fit new 
conditions, and the industry must 
do these things also if it is to be most 
useful. Nearly a quarter of the 
industry's work is for this purpose. 

When disasters strike, such as 
earthquakes, tornadoes, explosions, 
floods, and heavy snows, the damage 
must be repaired, and water, light, 
gas, and other facilities must be 
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restored to operation. This is an- 
other task of the construction in- 
dustry. On occasions such as the 
explosion at Texas City, the tre- 
mendous snows in the Great Plains 
states, the floods in the Kansas City 
area, and other emergencies, con- 
tractors and others in the industry 
have mobilized immediately in co- 
operation with civic authorities and 
started their workmen and their ma- 
chines to work clearing debris and 
repairing damage. Some time later 
they took the time to consider what 
should be the proper compensation. 

The AGC has cooperated with 
the Federal Civil Defense Adminis- 
tration and has submitted a compre- 
hensive plan on how the facilities of 
the industry can best be mobilized in 
the event of an emergency, and many 
other organizations in the industry 
have done likewise. 

In 1947 the Army initiated its 
Affiliation Program, by which re- 
serve units in which each man is 
specially fitted for his military as- 
sigment by his civilian work, are 
recruited and trained for call to 
active duty when necessary. The 
AGC was asked to cooperate with 
the Corps of Engineers in sponsoring 
and recruiting reserve construction 
units. So far 76 units have been 
sponsored and 21 have been called to 
active duty. Two have been engaged 
in Korea, where they have performed 
the outstanding engineering feats of 
that campaign. Many _ engineers, 
architects, and others in the industry 
have joined these units. There are also 
two units in the European Theater. 

These activities of the construc- 
tion industry serve to emphasize 
why the industry is so fundamental to 
the welfare of the nation and its 
communities 


Construction for National Defense 


Construction is as important to 
the national defense as it is to the 
peacetime development and progress 
of the nation. For World War II 
the construction industry completed 
work valued at more than 49 billion 
dollars. This work constituted at 
that time the world’s greatest single 
construction program, and it rep- 
resented an expenditure of approxi- 
mately $400 for each man, woman, 
and child in the country. The war 
was actually won by fighting men, 
but they had to be supported by the 
products and services of American 
industry. One of those industries 
was construction 

Camps virtually as complete as 
cities had to be set up before men 
could be trained and sent overseas. 
Factories had to be constructed be- 
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fore airplanes, tanks, guns, munitions, 
and other weapons of war could be 
produced in quantities sufficient to 
overwhelm the enemy. Yards had 
to be built before a bridge of ships 


and a seven-ocean navy could be 
launched. Bases had to be con- 
structed before attacks could be 
directed at the enemy. 

It was necessary that this con- 
struction work be completed be- 


fore many other parts of the war 
program could be undertaken. Be- 
cause of this, construction was the 
first major industry to attain large- 
scale defense and war production. 
By the time of Pearl Harbor it was 
converted 75 percent to war work, 
and at one time more men were mobil- 
ized on construction work for the 
Army than were in the Army itself. 

Had construction failed in any 
part, other phases of the war effort 
would have been hampered, perhaps 
disastrously. But there were no 
bottlenecks in construction; the work 
was completed at unprecedented 
speed. The speed cost money, but 
by helping to speed the end of the 
war it saved lives. 

As members of the armed services, 
construction men, with their meth- 
ods and machinery, helped to de- 
velop the capacity for building air- 
fields, docks, railroads, pipelines, 
and for moving millions of tons of 
supplies at speeds never before at- 
tained in military operation. The 
nation’s capacity to construct both 
at home and in combat areas was 
such that the wartime Chief of Army 
Engineers was able to report: 


By the war’s end it was evident that 
American construction capacity was the 
one factor of American strength which 
our enemies most consistently under- 
estimated. It was the one element of 
our strength for which they had no basis 
for comparison. Thev had seen nothing 
like it. 

Should there be another war and 
the United States be subjected to 
bombings or other catastrophes, the 
construction industry will be im- 
mediately available to clear debris 
and restore essential facilities to use 
in minimum time. There is no way 
in which such work can be done ex- 
cept by the construction industry. 


Construction Industry Plays Vital Role 


The construction industry through 
out the history of the United States 
has had, still has, and always will 
have a tremendously important part 
in the development, growth, and 
progress of the nation and its com- 
munities, and will serve as a medium 

(Continued on page 252) 
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Good concrete 


ROBERT F. BLANKS, M. ASCE 


Vice-President and General Manager 
Great Western Aggregates, Inc., Denver, Colo- 


depends on good aggregate 


A little over one hundred years ago, 
in the April 1848 issue of the Scientific 
American, there appeared the follow- 
ing statement: 


“Concrete.—This is the name of a mass of 
sand and small stones cemented together by 
lime, or some other cement. . . . A good plan 
is to mix the cement dry with the other ma- 
terials and then throw water over them to make 
a perfect mixture by turning over.” 


From this quotation we learn that 
at the time the American Society 
of Civil Engineers was founded, a 
batching plant consisted of a shovel 
and perhaps a wheelbarrow, while a 
mixing plant was simply a shovel in 
the hands of a workman. Concrete 
as we now know it did not exist be- 
cause but little natural cement and 
no portland cement was being pro- 
duced in the United States, and about 
the only cementing medium available 
was lime. Sand and gravel were used 
as found, and stone was probably pre- 
pared by the hammer and rock-pile 
method. The development from 
these simple beginnings to our pres- 
ent-day aggregate processing, batch- 
ing and mixing plants —veritable 
houses of magic—-is truly typical of 
the engineering progress that has 
been made in the construction field 
during the past one hundred years. 

Excellent descriptions of concreting 
plants can be found in numerous 
technical publications. Therefore, 
it is not the purpose of this discussion 
to present such descriptions but 
rather to discuss the reasons for such 
plants and what they are expected to 
accomplish. 

According to available records, the 
first concrete mixers came into use 
about 1857 and consisted simply of re- 
volving cubicles or cylinders mounted 
on a diagonal axis. Aside from a 
tremendous increase in size range and 
improved efficiency in power require- 
ments, our present-day mixers rep- 
resent an unusually small improve- 
ment, as far as mixing action is con- 
cerned, over the early-day models. 


For some reason we have been unable 
to devise machines that will provide 
the kneading and folding action 
generally recognized as being most 
desirable for the mixing of concrete. 
The action in most mixers now avail- 
able is more like that of a ball mill, 
and there is considerable attrition 
with attendant modification of the 
particle grading curve, particularly 
in the finer sizes. This in turn means 
increased water and cement require- 
ments and greater drying shrinkage. 
It is true that in very recent years, 
we have learned that the blading ar- 
rangement in drum mixers is a factor 
in obtaining efficient mixing, but to 
realize any semblance of efficiency, 
within reasonable mixing periods, the 
sequence of batching the various 
ingredients of the mix must be care- 
fully controlled. In other words, we 
depend in no small degree on the 
batching plant to accomplish the con- 
crete mixing. The almost unbeliev- 
able improvement in aggregate proc- 
essing and concrete batching equip- 
ment is in sharp contrast to the lack 
of advancement in the mixer field. 
In the early years of concrete his- 
tory, batch measurement of ingre- 
dient materials, if performed at all, 
was accomplished by volume in var- 
ious types of boxes or containers. 
Most frequently it was done by count- 
ing shovelsfull. Volume batching 
was not satisfactory because a cubic 
yard or foot of granular material is an 
indefinite quantity, depending upon 
its condition, such as “‘dry-loose,’’ 
“moist loose,’ “‘dry-rodded,’’ and 
“compacted.” As the weight of any 
concrete ingredient is directly related, 
by specific gravity, to the solid space 
which it occupies in the concrete, the 
weight system of batching is logi- 
cal, flexible and simple but accurate, 
and requires adjustment only for the 
moisture contents of the aggregate 
fractions. In professional concrete 
construction, weigh batching is now 
employed exclusively. The desirabil- 
ity of weigh batching was recognized 
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as early as 1868, although it was not 
until well after the turn of the century 
that the practice came into general 
use. 


Aggregate Processing Objectives 
In processing aggregates various 
beneficiating operations are _per- 
formed on the raw materials to im- 
prove their quality, improve their 
gradation, improve their uniformity, 
provide materials that can be ade- 
quately controlled, and make pos- 
sible the most economical utilization 
of the available materials. The bene- 
ficiating operations may include any 
combination of the following proc- 
esses : 
A. Quality Improvement 
1. Removal of organic and other 
contaminating materials 
2. Elimination of soft or structur- 
ally unsound materials 
3. Removal of weak adherent coat- 
ings 
1. Improvement of particle shape 
5. Reduction of saturation of coarse 
aggregate 
B. Gradation Improvement 
1. Reduction of oversize or excess 
sizes of materials to augment the 
supply of other sizes or build up 
deficient sizes 
2. Control of sand gradings within 
narrow limits of the selected av- 
erage 
3. Removal of excess fines or other 
sizes 
C. Uniformity Control 
1. Separation of sand from gravel 
2. Separation of coarse aggregate 
into various size fractions 
3. Dewatering to control moisture 
content 
4. Prevention of segregation in fin- 
ished aggregates 
5. Prevention of attrition in finished 
aggregates 
6. Reduction in temperature of fin- 
ished aggregates 
7. Reduction of oversize and under- 
size fractions in coarse aggre- 
gates toa minimum 
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D. Economics 

1. Manufacture of 
crushed aggregate 

2. Dust collection 
3. Reclamation of heavy minerals 
4. Reduction of oversize or excess 
sizes of materials to augment sup- 
ply of other sizes or build up de 
ficient sizes 

5. Reduction of cement require 
ments by improving particle 
shape, and controlling sand grad 
ings within narrow limits of the 
selected average 


and 


stone 


In considering the above objectives 
and operations in detail, no sharp 
lines of demarcation can be drawn, as 
many of the processes spread across 
more than one of the broad objective 
classifications. In particular, the eco- 
nomics of any of the operations 
should not be overlooked, that is, it 
is necessary to inquire whether the 
end result justifies the cost. In the 
case of those operative items under 
quality improvement, and some 
others, the economic factor is some- 
what intangible because the improve- 
ment in the end product—the con- 
crete—-cannot always be evaluated. 
Improving Concrete Quality 

Dirty aggregates cannot be toler 
ated in making quality concrete; 
therefore washing to remove organic 
material, such as clay and mud, is usu 
ally about the first operation per- 
formed in processing natural aggre- 
gates. This is accomplished coinci 
dentally with some other operation 
such as screening, scrubbing, or abrad 
ing. The important aims in washing 
are to obtain clean, coarse aggregate 
particles, free of adherent coatings of 
fine materials which impair bonding 
with the cement matrix, and to elimi- 
nate dirt and organics from sand, 
at the same time retaining sufficient 
quantities of the finer sizes passing 
the No. 50 and 100 mesh sieves. 
Proper proportions of these sizes are 
essential to workable, cohesive, non- 
segregating concrete mixes with a low 
water requirement 

Structurally unsound or soft mate- 
rials, coal, and poorly bonded coatings 
can be broken up by log washers or 
other available types of abrading 
equipment and removed in the wash- 
ing operation. In one case of record, 
increased concrete strengths at 2S 
days—by as much as 1,000 psi—-re 
sulted from such beneficiation of the 
particular river sand and gravel in- 
volved. Heavy media separation is 
coming into wider use for removing 
undesirable constituents from coarse 
aggregate. The process is adaptable 
to material ranging in size from '/,s in. 
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to 8 in. Materials can be handled 
which range in specific gravity from 
1.25 to 3.75, and separations effected 
within + 0.01. 

Particle shape is an important factor 
in concrete workability and cement 
and water requirements. Typical 
sand particles in aggregates actually 
used on two similar projects are 
shown in accompanying twin photo- 
graphs. One is well rounded, the 
other, harsh and angular. For con- 
crete with 1'/:-in. maximum size 
aggregate and a water-cement ratio 
of 0.50, by weight, using the angular 
material, 300 lb of water and 6.39 
sacks of cement per cu yd of concrete 
were required. Using the rounded 
aggregate, the same factors were 220 
lb of water and 4.69 sacks of cement 
per cu yd of concrete. It was estab- 
lished that this difference in con- 
crete making qualities was due to 
differences in particle shape and 
gradation. The latter concrete, in 
addition to being of higher quality 
by reason of its lower water require- 
ment, saved 1.7 sacks of cement per 
cu yd, which would more than pay 
for an effective abrading operation to 
improve the characteristics of the 
angular aggregate. 

The objections to using aggregate 
having poorly bonded coatings are 
obvious. In addition, some coating 
materials are chemically reactive in 
concrete and therefore should be 
removed or the aggregate should not 
be used. 

Tests have proved that some po- 
rous river gravels which have become 
supersaturated through ages of in- 
undation produce concrete that is 
highly susceptible to disintegration 
by freezing and thawing unless they 
are partly dried prior to use. 


Gradation improvement Important 

Probably no other physical charac- 
teristic of aggregate has such an im- 
portant effect on the water require- 
ment and workability of a fresh con- 
crete mixture as gradation, or par- 
ticle-size distribution. These fac- 
tors in turn profoundly influence a 
large number of other important con- 
crete properties. For any given ag- 
gregate there are a number of grading 
combinations which will be about 
equally suitable on the basis of work- 
ability and cement and water require- 
ments, provided reasonable limits are 
observed and a specified degree of 
uniformity of grading within these 
limits is maintained. 

The average grading to aim for with 
any given aggregate depends on three 
factors: (1) the results of trial con- 
crete tests which will show the most 
desirable range; (2) the average pit- 
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run grading or, in the case of manu- 
factured aggregate, the crushing char- 
acteristics; and (3) the economics of 
the case, involving grading correction 
costs, cement requirements, and con- 
crete handling and finishing costs. 
When the average sand grading stand- 
ard has once been established, this 
average should be maintained within 
a fineness modulus variation of not 
more than + 0.10. Normally, suf- 
ficiently wide variations in coarse ag- 
gregate fractions can be tolerated to 
absorb any reasonable fluctuations in 
pit-run or crusher-run yields. Pea 
gravel, and particularly the No. 4 to 
%/s-in. size, is the most critical, as 
this fraction seems to have the great- 
est influence on bridging between the 
aggregate particles. 

Whether oversize material is 
wasted or crushed to augment the us- 
able sizes is largely a matter of eco- 
nomics, which should take into ac- 
count the cost of wasting versus the 
cost of crushing, plus the cost of in- 
creased cement content resulting 
from the addition of the crushed 
material to the finished coarse aggre- 
gate. Similarly, what should be done 
with excess size fractions after they 
are removed is a matter of economics, 
together with the pit-run or crusher- 
run balance between the proportions 
of sand and the various size fractions 
of coarse aggregate. 

Uniform sand grading within nar- 
row limits of the selected average is 
essential to the production of uniform 
concrete. This can be accomplished 
very effectively by hydraulic classi- 
fication, mechanical classification, or 
a combination of both. The process 




















Correct Incorrect 


FIG. 1. Correct method of delivering ag- 
gregate to bin reduces segregation and 
promotes uniformity of concrete. Bin should 
have bottom sloping 50 deg from horizontal 
on all sides to outlet, with all corners 
rounded. Flat bin bottom or slopes meeting 
at sharp corners produce uneven flow 
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involves roughly separating the pit- 
run sand into fine, medium, coarse, 
and sometimes intermediate gradings, 
which can be recombined in propor- 
tions that will maintain the desired 
gradings. Where complete classi- 
fication is not economically practi- 
cable, sand gradings can be controlled 
by removing excess sizes by various 
arrangements of riffles, slots, screens, 
traps, baffles, or such, in the washing 
process. 


Maintaining Uniformity Control 


The production of uniform concrete 
from batch to batch would not be 
much of a problem if exactly the same 
number and sizes of solid particles 
could be put into each batch. This 
is obviously impracticable, but it 
is important to exercise every pre- 
caution to see that aggregates arrive 
at the mixer as uniformly sized and 
graded, and as uniform in moisture 
content, as is economically feasible. 
Reduction in cement and water con- 
tents of concrete, with a resulting 
improvement in quality of as much as 
20 percent, can be effected by uni- 
formity control of aggregates. It is 
particularly important that sand be 
stockpiled a sufficient period before use 
to permit drainage to a stabilized 
moisture content. This can be done 
by drawing from one end of the stock- 
pile while filling at the other. 

If coarse aggregates have been 
cleanly separated into sized fractions, 
and sand has been effectively classi- 
fied and recombined to a uniform 
finished product with stabilized mois- 
ture content, then the delivery of uni- 
form aggregates to the mixer is largely 
a matter of storing and handling in a 
manner which will retain their uni- 
formity. Any handling or transfer 
performed on coarse aggregates will 
cause some segregation and breakage. 
Consequently it is essential that the 
number of such operations be held to 
the minimum, and every precaution 
taken to minimize segregation, break- 
age, and contamination. Figures | 
and 2 show correct and incorrect 
methods of handling aggregates and 
avoiding segregation and breakage. 

Most aggregate materials are some- 
what brittle and break down from im 
pact or from attrition. Repeated 
moving of equipment, such as trucks, 
bulldozers, and tractors over fin 
ished aggregates should be avoided. 
Coarse sizes should be dropped to 
stockpiles through rock ladders to 
reduce rock breakage and segregation. 
Aggregates should not be discharged 
from the sloping ends of chutes, but 
should be baffled to break the force of 
discharge and fall, and to direct their 
transfer in a vertical direction. Scalp- 
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Shape and surface texture of 
aggregate particles have im- 
portant bearing on quality 
of concrete. Rough, angu- 
lar types at right will require 
considerably more cement 
and water than smooth, 
rounded ones at left. 





Crane or other means should place material in units 
which remain where placed 




















Pile is built radially in horizontal layers by bulldozer 
working from conveyor belt. Rock ladder may be 
needed in this setup 








Bulldozer stacks progressive layers on slope not flatter 


than 3:1 


Aggregate should not roll down slope and hauling 
equipment should not operate over same level 
repeatedly 


Stockpiling of finish-screened coarse aggregate 
(When permitted) 





- t u 
ta , Uniform 
tal about 


center 





Chimney surrounds material falling from end of conveyor 
belt and openings discharge materials at various 
elevations 





Separation 


Free fall of material from high end of stacker 
permits wind to separate fine from coarse 
material 


Sand or combined aggregate storage 
(Dry materials) 


Correct 
FIG. 2. 


Incorrect 


Incorrect methods of stockpiling aggregates cause segregation and breakage. 


Improper stockpiling (see Fig. 2) causes excessive undersize in coarse aggregate 
fractions, with resulting lack of uniformity of concrete. 

















ing screens, with appropriate size 
openings, at transfer points are a 
cheap and effective means of remov- 
ing undersize materials caused by 
breakage. Proper design of the hop- 
per bottoms of bins, and the sequence 
of stockpiling and reclaiming opera- 
tions, can also do much to reduce 
segregation. Efficient feeder ma- 
chines also may be used to advantage 
to reduce segregation. 

The most effective means of obtain- 
ing uniformity in coarse aggregate 
fractions is to perform the final or 
finish screening operation directly 
above the batching plant bins. Ex 
perience and records on many jobs 
have proved that such procedure not 
only results in increased quality of 
concrete, but saves time and money 
for both owner and contractor, be- 
cause: (1) it produces concrete of 
uniform consistency and workability 
thereby reducing handling, placing 
and finishing costs; (2) it reduces or 
eliminates wasted and rejected ag- 
gregates; and (3) it reduces the cost 
of processing and handling aggregates 
prior to batching. 

The objective in finish screening at 
the batching plant is to reduce to a 
minimum the significant undersize in 
the coarse aggregate fractions. Sig 
nificant undersize is defined as the 
material passing a test screen with 
openings one-sixth smaller than the 
nominal minimum size of the ag 
gregate fraction. For example, the 
significant undersize in the */, to 
|'/»-in. aggregate fraction would be 
material passing the °/s;-in screen. 

The cost of installing vibrating 
finish screens above batching-plant 
bins is quite nominal, and they can 
be operated coincidentally with the 
batching plant. Horizontal screens 
are most satisfactory, because of the 
tendency of operators to overload 
sloping screens and cause the under 
size aggregates to ricochet across the 
screens rather than to pass through 
them. 

lable I shows a comparison of the 
significant undersize in aggregates 
as batched for a number of cases 
where the aggregates were stockpiled 
and rehandled, and for other cases 
where the aggregates were finish 
screened at the batching plant. 


Holding Down Concrete Temperature 


In hot, arid climates, it is important 
that the temperature of fresh con 
crete be held to a practicable mini 
mum. One way of accomplishing 
this end is to play light sprays of cool 
water over coarse aggregate stock 
piles. The evaporation effect reduces 
the temperature of the aggregates 
appreciably. 
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Since the economics of the various 
objectives and operations in aggre- 
gate processing has been discussed 
along with the various factors in- 
volved, little more need be said on 
this subject. It should be empha- 
sized that the types of crusher equip- 
ment employed in producing manu- 
factured sand and crushed aggregate 
have an important effect on the shape 
of the individual aggregate particles. 
Therefore such equipment should be 
selected with care to best fit the par- 
ticular material involved. 


Batching and Mixing 


The purpose of batching plants, of 
course, is to proportion, accurately, 
predetermined quantities of the va- 
rious ingredients of the mix so that 
each successive batch will have the 
same composition, within practical 
limits. Depending on the size and 
importance of the concrete work, 
the batching plant may range from 
merely a wheelbarrow scale to a com- 
plicated, automatically controlled, 
self-recording storage, weighing and 
dispensing plant with push-button 
operation. Where the work is scat- 
tered, a central batching plant is 
most desirable. In such cases the 
dry batches may be transported in 
compartmented trucks to a job-site 
mixer, mixed at the plant, and trans- 
ported in agitator trucks to the work, 
or mixed in transit. Transit mixing 
is the most difficult to control, as will 
be brought out later. 

Granular materials should be pro- 


TABLE |. Reduction of Undersize in 
Aggregates by Finish Screening at 
Batching Plant 


PERCENT SIGNIFICANT 
UNDERSIZE AS BATCHED 


(AVERAGE) 
PLANT 
DESIGNATION No. 4 to 7/4” 4/4” to 1'/,” 
Aggregates stockpiled 

and rehandled 
Plant No |! 10.6 15.4 
Plant No, 2 6.5 8.0 
Plant No. 3 7.5 6.0 
Plant No. 4 3.3 8.4 
Plant No, 5 ».0 5.0 
Plant No, 6 7.0 10 
Plant No. 7 8.0 8.0 
Plant No. 8 2.0 5.0 

Average 6.2 7.5 

Aggregates finish screened 

at batching plant 
Plant A 1.0 3.0 
Plant B 2.0 10 
Plant C 2.0 1.0 
Plant D 1.7 ‘.2 
Plant FE 0.0 1.2 
Flant F 2.2 3.4 
Plant G 3.5 10 
Plant H 4.0 3.0 
Plant I 3.0 4.0 
Plant | 0.8 0.8 
Plant K 3.1 2.4 

Average 2.1 2.5 








portioned only by weight, but volu- 
metric tanks, meters or dispensing 
units are just as effective as weighing 
for water and liquid admixtures such 
as air-entraining agents and calcium 
chloride solutions. When ice is used 
to reduce the temperature of fresh 
concrete, it should be batched by 
weight. Scales should be of reliable 
and rugged construction and should 
be properly maintained; they should 
be calibrated and adjusted at regular 
intervals. Liquid meters must also 
be checked regularly. Water batch- 
ing tanks should be arranged so that 
the quantity can be changed readily 
and the predetermined amount of 
rater controlled by an overflow ar- 
rangement. 

The moisture content of aggregates, 
particularly sand, and the specific 
gravity of aggregates vary from time 
to time. Tests should be made regu- 
larly so that proper adjustment of the 
weights and measures can be made. 
This requires convenient scale and 
dispenser adjustment. The precise 
amount of water to be added to any 
given batch should be controlled by 
the operator by observing the fresh 
concrete in the mixer and bringing 
it to a predetermined slump or con- 
sistency. Mixers equipped with con- 
sistency meters facilitate this item of 
control. In any case, it is a wise 
precaution to have automatic cutoffs 
and overflows so arranged that not 
more than a permissible maximum 
amount of liquid can be added to any 
one batch. 

Weigh batchers may be either the 
cumulative weighing or the individual 
weighing type, the latter being prefer- 
able because of greater flexibility for 
controlling the mixing of the various 
sizes of aggregate and cement as they 
are batched. Batchers should be 
equipped with large, full-reading 
springless dials, mounted so they are 
readily visible to the operator. Over- 
and-under indicators are satisfactory 
on wheelbarrow scales. The transfer 
of materials from storage bins to 
batcher, to transfer belts or to mixer, 
should be appropriately baffled so 
that the fall will be vertical to mini- 
mize segregation. 

For large jobs or for permanent 
plant installations, automatically con- 
trolled batching plants are recom- 
mended because they minimize the 
human element, reduce errors m 
batching, and reduce labor require- 
ments. Graphic recorders serve not 
only as a permanent recording of 
plant performance and output but 
provide the operator with an in- 
stantaneous warning of inconsistent 
or improper plant functioning. 
Equipment is available which will re- 





September 1952 e CIVIL ENGINEERING 








cord 
weigh 
and a 
sisten 
Th 
of be 
flexib 
of me 
samp! 
porta 
ductic 
grega 
centr: 
with 
deg < 
squar 
the ] 
and s 
trams! 
The s 
hand] 
grega 
plant 
segres 
mum. 
Til 
than | 
can b 
comp 
Also, 
more 
mixtu 
The « 
tion 
seque 
drum 
of th 
the 1 
concri 
meast 
ing. 
be m< 
best | 
lengtl 
estab 
ment 
recor¢ 
has | 
more 
towar 
Mit 
timin 
mixin 


















it volu- 
pensing 
eighing 
es such 
calcium 
is used 
f fresh 
hed by 
reliable 
should 
should 
regular 
ist also 
batch- 
so that 
readily 
unt of 
low ar- 


egates, 
specific 
m time 
le regu- 
t of the 
made. 
le and 
precise 
to any 
led by 
e fresh 
ringing 
ir con- 
th con- 
tem of 
a wise 
cutoffs 
at not 
ximum 
to any 


ier the 
vidual 
prefer- 
ity for 
rarious 
is they 
ild be 
eading 
ey are 
Over- 
actory 
‘ansfer 
ins to 
mixer, 
led so 
mini- 


lanent 
Vv con- 
ecom- 
ze the 
rs im 
quire- 
ye not 
ng of 
t but 
n in- 
istent 
ning. 
rill re- 


ERING 


cord for each batch the individual 
weights of each ingredient material, 
and also time, temperature and con- 
sistency. 

The proper design and installation 
of batching plants to provide for 
flexibility in operation, convenience 
of maintenance, and easy means for 
sampling materials are of utmost im- 
portance to insure trouble-free pro- 
duction of uniform concrete. Ag- 
gregate bins should be designed for 
central charging and discharging, 
with hopper bottoms sloping at 45 
deg and with rounded rather than 
square corners. The importance of 
the proper arrangement of baffles 
and spouts to insure vertical fall at 
transfer points is again emphasized. 
The sole objective in arranging for the 
handling, storage and transfer of ag- 
gregate materials through a batching 
plant should be the reduction of 
segregation to the practicable mini- 
mum. 

Tilting mixers are more efficient 
than non-tilting models, because they 
can be discharged more rapidly and 
completely and with less segregation. 
Also, they are easier to clean and 
more accessible for observation of the 
mixture during the mixing process. 
The effectiveness of the mixing ac- 
tion is a function of the charging 
sequence, the shape of the mixer 
drum, and the shape and arrangement 
of the blades. The uniformity of 
the mortar throughout a batch of 
concrete is a reasonably reliable 
measure of the thoroughness of mix- 
ing. Mortar uniformity tests should 
be made as required as a guide to the 
best blading arrangement, to fix the 
length of the mixing period, and to 
establish the need for blade replace- 
ment or repair. Instances are on 
record where the efficiency of mixers 
has been improved 50 percent or 
more by blade rearrangement, usually 
toward the simplification side. 

Mixers should be equipped with 
timing devices to insure the required 
mixing period for each batch, which 















































will vary from 1'/: min for smaller 
models, to 3 min for 6-cu yd machines. 
Overcharging beyond rated capacities 
should be avoided in the interests of 
efficiency, uniformity, and elimina- 
tion of wasted materials. Mixers 
should be kept clean at all times and, 
in particular, coatings of hardened 
mortar on blades should not be per- 
mitted. Batch counters are an ef- 
fective means of recording concrete 
production. 

The method of discharging mixed 
concrete should be such that segrega- 
tion is held to a minimum. Here, as 
in the case of aggregates, the correct 
arrangement of chutes and baffles to 
direct the transfer in a vertical direc- 
tion will prove the most effective. 
At the start of mixing operations, the 
machine should be primed by wetting 
the inside of the drum and then add- 
ing a little excess cement and sand to 
the first batch. The mixer should be 
charged by first adding about 10 per- 
cent of the required water, followed 
by SO percent of the water simultane- 
ously with the cement, sand and 
coarse aggregate, all as completely 
intermingled as practicable. The re- 
maining +10 percent of water should 
be used by the operator as tempering 
water to bring the batch to the de- 
sired consistency. Tempering to ob- 
tain a specified slump is a delicate 
operation and requires skill and care 
on the part of the operator. A 
change in water content of only about 
3 percent is sufficient to cause a change 
of 1 in. in slump. 

Truck mixers are very popular, to 
deliver both from ready-mix plants 
and from on-the-job construction 
plants where the work is scattered. 
Much ‘more care and control of all 
operations is required to obtain con 
crete of uniform proportions and con 
sistency with minimum water content 
with truck mixers than with station- 
ary mixers. However, acceptable re- 
sults can be obtained if certain pre 
cautions are exercised and correct 
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Rock ladders provide effective means of 
stockpiling coarse aggregates without exces- 
sive breakage and segregation. 


Use of scalping screens at transfer points is 
cheap and effective means of removing 
undersize material from aggregates. 





Finish screening directly above batching-plant bins is best way of insuring uniformly graded aggregates 
at mixer. 


Horizontal vibrating screens (left view) are generally most suitable for such finish screening. 
















EDWARD R. HIGGINS, J. M. ASCE 


Photo courtesy Eye 
Catchers, Inc. 


When a scientist was asked recently 
if he were concerned about the pos 
sibility of the earth’s destruction 
from a man-made atomic explosion, 
he casually shrugged and said, ‘So 
what? It isn’t as though it were a 
major planet!” 

The wunusualness of this man’s 
reply lies in his perspective, his sense 
of values, or as engineers would 
phrase it, his ‘‘scale of observation.” 
It is obvious to all of us, for example, 
that a car looks different when seen 
from the street than it does when seen 
from a skyscraper; it is just as 
true, but not as obvious, that what 
seems like a straight line to us would 
seem, because of the rotation of the 
earth, like a corkscrew to a Martian 
If this sounds strange, it is only be 
cause we are not used to thinking on 
so broad a scale. Yet that is pre 
cisely the function of centennials, 
for they give us a chance to view 
ourselves through a wide-angle lens 
and without that accuracy of detail 
which defeats its purpose 

Using such a scale of observation, 
let us look at the role that suretyship 
has played in the building of America. 

From the standpoint of history, 
suretyship, while exceedingly modern 
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Engineer, The Surety Association of America, New York, N.Y. 


in its present applications, is perhaps 
the oldest type of business protection 
known to man. Solomon warned, 
‘He that is surety for a stranger shall 
smart for it,”’ and “‘He is devoid of 
sense who becomes surety for an 
other."’ There were no bonds on the 
Pyramids, as far as we know, but 
maybe there should have been if 
Kipling was right when he wrote: 
Who shall doubt “the secret hid 
Under Cheops’ pyramid’ 
Was that the contractor did 


Cheops out of several millions? 


Many contracts in ancient Rome 
were bonded, and one of them in 106 
B.C. provided that “one half shall 
be paid down as soon as the bonds 
secured by the real estate shall have 
been executed, the other half upon 
completion and acceptance of the 
work.”” If modern engineers would 
be that generous I am sure that con- 
tractors would be hearty in their 
approbation and lavish in their praise 
of contract bonds. 

In England, the Magna Carta, the 
great milestone on the road to human 
freedom, was bonded, and Shake- 
speare also in The Merchant of 


September 


— a stabilizing factor 
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Venice uses the vicissitudes of those 
who become surety as the theme of 
one of his most absorbing dramas. 
It was also in London, during the 
middle of the last century, that cor 
porate suretyship was established, in 
a place inauspiciously called the 
Tavern of the Devil and St. Dunstan. 
Since that time, corporate suretyship 
has survived its growing pains and 
taken its place among the important 
businesses of the country. And while 
not of American origin, it is really an 
American phenomenon, since its ma 
jor growth and development as an 
industry have taken place in this 
country. 


What the Surety Does 


Today, surety companies under 
take to make good the losses caused by 
persons who have obligated them- 
selves to do certain things but have 
failed to meet their obligations by 
reasons of error, fraud or fate. Their 
basic purpose is the elimination of 
financial risk. In the construction 
field, contract bonds make it possible 
for a contractor to provide the engi- 
neer and the owner with a responsible 
guarantee that he will satisfactorily 
complete the project at his price, 


1952 e CIVIL ENGINEERING 











and p 
fact t 
tracto 
judg 

Ac 
L0.U 
simple 
Surety 
Owner! 
L0.U 
if my 
not p 
If he | 

The 
used ¢ 
bid, p 
The | 
bid is 
bidder 
his pr 
will < 
paym 
bond | 
tion 1 
contra 
antees 
for la 
the ol 
mater 
ance | 
is calle 
pay 


CIVIL 











Suretyship instigated and made possible 
joint venture as known today. Joint ventur- 
ing came into its own for what was probably 
greatest single project undertaken in history 
of the country, Hoover Dam. For this proj- 
ect bond larger than any previously written 
was furnished to back Six Companies Inc. 

















those | ad pay his bills notwithstanding the used by the Federal Government until tor “‘must possess the mecessary 
ine of | fact that a number of other con- 1938. Because of certain difficulties technical knowledge and_ practical 
amas, | tactors have disagreed with his under a single bond, such as priorities experience as applied to his partic- 
g the judgment. of the owner, the Miller Act was then ular form or group of undertakings 
t cor A contract bond then, is simply an enacted which provides for the su- to enable him to carry them to com- 
od. in | LO.U. with an “if” in it. In the perior dual system of separate per- pletion in a workmanlike and econom- 
| the | Simplest language, it says “I (Mr. formance and payment bonds that is ical manner.” 
istan. | Surety) promise to pay you (Mr. in use today. Capital means that the contractor 
yship Owner) up to the amount of this The Three C’ “must possess cash or credit to meet 
; and 1.0.U., for any loss you may sustain athena all his commitments, also the equip- 
tant | #my friend (Mr. Contractor) should Obviously, before a contractor can ment and organization for the satis- 
while | 20t perform his contract with you. obtain a bond he must be qualified. factory performance and completion 
lv an | Ihe performs, I owe you nothing.”’ The science and art of determining a of his undertakings.”’ 
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bid is made in good faith, that the to swing a particular job, all under- chure entitled “The Organization 
bidder will enter into a contract if writers apply the so-called three C’s and Work of the Associated General 
nder his proposal is accepted, and that he of credit, namely, Character, Capac- Contractors of America,’’ only there 
add by will also furnish performance and _ ity and Capital. they appear as definitions of ‘‘skill,”’ 
hem- payment bonds. The performance Character means that the con- “integrity” and ‘“‘responsibility.”’ 
have bond usually covers whatever obliga- tractor “‘must consistently and per- Such interdefinability is a_ perfect 
3 by tion the contractor assumes in his sistently comply with the spirit as_ illustration of the natural affinity of 
Their | Contract. The payment bond guar- well as the letter of his contracts. the surety and construction indus- 
n of antees that the contractor will pay He must have business experience tries and of their similarity of aim 
tion for labor and material. Sometimes and handle every transaction with and purpose. 
sible | the obligation to pay for labor and fairness and honor.” Character is the Of course, inherent in these three 
engi- materials is included in the perform- best collateral; money cannot buy ‘‘C’s” of credit is a fourth “C” which 
sible ance bond itself. This type of bond it; it is the keystone of the under- is becoming more important every 
oily is called a combined performance and writing arch. day, namely, the “C” of Changing 
rice, payment bond and such a form was Capacity means that the contrac- Conditions. The economic, social, 
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judicial and political developments 
of the times have a profound effect 
on such a basic industry as construc- 
tion, and no prediction of success for 
a project could be complete without 
a careful estimate of these increas- 
ingly fluctuating factors. 

To put it in a nutshell, the essential 
elements of any successful construc- 
tion project are Men, Money, 
Method and Material, the so-called 
four ““M’s’ of construction. Strangely 
enough, however, these same ele- 
ments are present in wumsuccessful 
projects. The difference, of course, 
lies in the skill, integrity, and re- 
sponsibility of the builder, and the 
four “C’s” of underwriting separate 
the men from the boys by evaluating 
these qualities. 


The Contract Bond Agent 


Complementing the underwriter 
and holding a position of importance is 
the contract bond agent. The agent 
is an adviser to contractors and owners 
but he is more commonly called a 
producer, and he really does produce 
Quite often, before the contractor 
even learns of the project, the pro- 
ducer is visualizing its potentialities 
and difficulties. After the contract 
is awarded, the producer continues to 
act in an advisory capacity and as a 
coordinator between the owner, the 
contractor, and the surety. He fre 
quently finds sources of labor and 
expedites deliveries of material, aides 
in obtaining additional financing, 
assists in resolving the temperaments 
of individuals and groups, and per- 
forms a host of other valuable serv- 
ices. 

To accomplish this, his contacts 
must be far flung and his talents 
manifold. Part contractor, part law- 
yer, part financier, and part detec- 
tive, the producer must likewise be 
an able advocate, for without lead- 
ing a contractor beyond his depth, 
he must satisfy the underwriter of 
his client’s ability to perform those 
contracts which represent a steady, 
healthy development of contractual 
capacity. 

Since no underwriter or agent is a 
prophet, or a son of a prophet, how- 
ever, and despite careful underwrit- 
ing, it is a painful fact that losses 
do occur and a bond meets its ulti- 
mate test when a claim is made. 

At one time, engineers looked upon 
a contract bond as simply an invita- 
tion to a lawsuit. Partly, they 
were right, for in the formative years 
of corporate suretyship there was 
little or no experiénce available, the 
competition rate-wise was chaotic, 
and many surety companies had to 
decline liability on technical grounds 
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in order to remain solvent. Further- 
more, the law at that time was 
mostly in the surety’s favor. This 
was due to the personal origin of 
suretyship, because generally there 
was little or no consideration or 
premium for the personal promise of 
an individual to be surety and hence 
the courts strictly construed the 
obligation. With the growth of com- 
pensated surety companies, acquired 
experience, and improvement in rat- 
ing techniques, the courts have liber- 
ally construed the surety bond and 
the companies bend every effort to 
make claim adjustments promptly 
and fairly. 

The basic purpose of a bond, then, 
is the elimination of risk to the owner. 
In addition to providing this indem- 
nity for loss, however, the ever 
growing employment of contract bonds 
and the development of broader 
forms and new techniques have led 
to surprisingly valuable by-products 
of a bonded competitive system. 
Indeed, it is not untrue to say that 
even if there were no defaults, bonds 
would more than pay their own 
way. 

The most outstanding by-product 
of a bonded system is the speedy, 
economic and preferential effect of 
the payment bond upon the flow of 
labor and material. The payment 
bond has these effects because con- 
tractors are engaged in a business 
made more than normally hazardous 
by the vagaries of the elements, the 
physical problems of subsurface con- 
ditions, and numerous other prob- 
lems. Their subcontractors and sup- 
pliers, like all business men, must 
provide for business risks in the price 
they charge for their work or serv- 
ices. If they are exposed to abnormal 
credit risks they have the choice of: 
(1) refraining from accepting the 
business—which benefits nobody; (2) 
charging for the extra risks—which 
results in a greater cost to the owner; 
or (3) seeking a guarantee of pay- 
ment such as the payment bond 
which will permit them to speed their 
credit investigations, eliminate their 
credit risk charge, and make pre- 
ferred deliveries to bonded rather than 
to unbonded work. 

It is a matter of public record that 
many large and responsible general 
contractors and subcontractors are 
favoring work on which payment 
bonds are required. On such work, 
these general contractors are securing 
better prices from a larger number 
of qualified subcontractors, and this 
competition results in lower costs and 
better quality of work for the owner. 

Like the payment bond, the bid 
and performance bonds also have a 





cost-reducing effect, because the ma- 
jority of contractors, including sub. 
contractors and material men, must 
liquify by bank loans needed assets 
which are tied up by “retainage,” 
“short’’ estimates, and “security” 
deposits. However, because of the 
hazards inherent in the construction 
industry, its average members have 
never been considered as preferred 
risks in banking circles. This con- 
servatism exists because despite the 
hazards of the construction business, 
the profits are generally much less 
than is popularly supposed, and be- 
cause hard-earned, slowly accumu- 
lated working capital, if once destroyed 
by the unexpected, is extremely dif- 
ficult to recreate in these times of 
crushing taxes on profits. 

The use of bid and performance 
bonds defrosts a contractor’s other- 
wise frozen working capital by re- 
ducing to a minimum the need for 
such collateral security to the owner, 
and removes an unnecessary limit on 
the capacity of contractors by per- 
mitting them access to the cash with 
which to meet payrolls and purchase 
materials on the favorable terms 
which contribute to lower costs and 
reduced bid prices. 

Moreover, the services of contract 
bond agents have a cost-reducing 
effect. Agents have saved owners 
literally millions of dollars by interest- 
ing responsible contractors in jobs 
on which they had no intention of 
bidding, and in many cases, of which 
they had never even heard. 

Another important, although un- 
heralded by-product of suretyship, 
is the loss prevention activities of 
surety companies. Like fire and 
casualty insurance, which not only 
pay for losses to the owner but in 
addition provide services which pre- 
vent such losses, so also contract 
bonds have a preventive as well as a 
curative effect. Surety companies 
realize as keenly as anyone that con- 
tract defaults under certain condi- 
tions are hardly compensable and 
that the public interest is better 
served by faithful performance than 
by indemnification for joss. More- 
over, from their own bitter experi- 
ence the companies have learned that 
it pays to run toward troubie, instead 
of waiting to be overtaken by it, for 
they minimize their losses by taking 
prompt action. At one time there 
was more concern with the legal 
situation of a pending default than 
with improving the construction tech- 
niques. Fortunately, this situation 
has been reversed, and it is now con 
mon to engage highly specialized engi- 
neers when a contractor meets with 

(Continued on page 246) 
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Marion ll-cu yd diesel electric 
shovel loading a Euclid 600-hp, 
50-ton end-dump truck. A shovel 
of this capacity can excavate 


40,000 tons daily. 


H. H. EVERIST, JR. 


Treasurer, Western Contracting Corp. 


Sioux City, lowa 





Modern excavation methods 


and equipment 


Among mankind’s noblest and most 
pervasive compulsions is the urge to 
build. Our knowledge of the tre- 
mendous accomplishment of the 
Great Wall of China and the Egyptian 
pyramids, constructed entirely by 
human hand and brain more than 
5,000 years past, is an awe-inspiring 
reminder of identical basic problems 
encountered in the modern world. 
Essentially, with all our tech- 
nological progress, we find that 
excavation and removal of material 
from the site of construction is an 
adaptation only of techniques and 
principles recognized and developed 
centuries ago. We have merely sub- 
stituted other energies for man’s 
yet such energy and such perform- 


World’s most powerful portable 
30-in. diesel electric hydraulic 
dredge used in the excavation of 
5 million cu yd of sand and rock 
on the Fort Randall Dam project. 
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ance that we may be rightfully prideful 
of today’s earth-moving giants. 

From the earliest times, tools and 
techniques were sought and de- 
veloped to replace manpower, the 
most costly, least productive element 
in the construction picture. This is 
imperative today in view of mounting 
taxes, and the height to which wages 
have risen, and automatically has 
brought about the demand for the 
continuous development of machines 
of tremendous capacity and gratify- 
ing dependability. 

Continuously increasing mechani- 
cal capacity is the principal reason 
for the tremendous number, variety, 
and extent of world-wide construction 
projects undertaken during the past 


fifty years. The annual total of more 
than a billion tons of excavation in 
the United States alone is eloquent 
testimony to a tremendously increased 
production level and is indicative of 
the degree of efficiency to which 
the machine has been developed. 
To more fully illustrate this, we 
might examine a _ typical federal 
project now being executed in South 
Dakota, 162 river miles above Sioux 
City, lowa—the Fort Randall Dam. 
As the first major dam upstream from 
the mouth of the Missouri River, it is 
of paramount importance in flood 
control, hydroelectric power, naviga 
tion, and irrigation for a vast area. 
Owing to the breadth of the river 
at the construction site, and lack of a 





























suitable foundation, a compacted 
earth-fill structure seemed most feasi- 
ble. The embankment, nearly 2 
miles long, '/; mile wide at the base, 
and 160 ft high, requires 28 million 
cu yd of earth fill. An additional 
32 million cu yd of chalk rock and 
overburden will be excavated for 
construction of the spillway and 
blanket protection of the embank- 
ment. To date, 25 million cu yd of 
rock and unclassified material have 
been moved by the open-cut load 
and haul method, and 5 million by 
hydraulic dredging. 

It was found practicable to employ 
nearly all types of commonly used 
excavating equipment, and with dis- 
cerning selection for a _ particular 
operation, plus proper maintenance, 
these tools are rendering excellent 
service. Equipment consists of 
shovels, draglines, scrapers, elevators, 
tractors, dozers, rock saws, drills, 
end- and bottom-dump hauling units, 
and a miscellany including motor 
graders, light plants, rubber-tired 
and sheepsfoot rollers, and manip- 
ulators. 

Because of the presence of a con- 
siderable quantity of chalk rock and 
imbedded boulders in the unclassified 
material, shovels were selected as the 
principal excavating tool. Three elec 
tric shovels of 7'/scu yd capacity 
were used initially and have subse- 
quently been replaced by two ll-cu 
yd electric shovels. These are the 
world’s largest machines on two 
crawlers. 

Generally speaking, the greater the 
output of the machine, the lower is 
the cost per cubic yard of excavation. 
That progress is constantly being 
made in this direction is evident in 
average unit bid prices for excavation 
which have decreased 100 percent in 
the past twenty-five years. Thanks 
to the tremendous capacity of modern 
equipment and continuous improve- 
ment by designers and manufacturers, 
labor costs on an average excavation 
project are currently less than 25 
percent of the total cost of construc- 
tion, as compared to 75 percent only 
twenty-five years ago, in spite of a 
quadrupled wage scale. 


Diesel Electric Shovel 


Advanced features of an ll-cu yd 
diesel electric shovel, for example, 
that might be brought to attention, 
include portability due to sectional- 
ization, enabling a 425-ton machine 
to be disassembled into ten com- 
pletely integrated subsections. A 
reasonable reassembly schedule re- 
quires approximately 400 man-hours 
and two 50-ton cranes. Such a 
shovel, weighing 850,000 Ib, will 
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travel at a speed of 1.5 mph and com- 
plete three rotations per minute. 
These speeds equal or surpass the 
average cycle of far smaller machines. 
To the excavation contractor, this 
speed factor is of paramount impor- 
tance. Mobility and speed accom- 
panied by great size are prime factors 
in developing low unit costs. 

Since an 11l-cu yd shovel operating 
on an earth-filled dam will excavate 
40,000 tons of earth daily, an ex- 
tremely rugged, heavy machine is 
essential. High-alloy steel used in 
the upper and lower center sections, 
boom, dipper, and sticks contributes 
additional strength without increased 
weight. Principal sections are mas- 
sive weldments composed of plates 
up to 3 in. thick, completely stress 
relieved. 

The unit is powered by three two- 
cycle diesel engines developing a total 
of 1,700 hp. This power plant has 
proven economical of fuel, mainte- 
nance is low, and the ability of a diesel 
electric to work independently of any 
other power source is of considerable 
advantage. As most project areas 
are usually undeveloped, only rarely 
does the excavation contractor using 
a machine demanding 1,300 kw at 
peak load, find sufficient power avail- 
able at the site. 


Electric Power Performs Well 


Electric power provides unsurpassed 
speed and smoothness of operation, 
resembling steam in its cushioning 
effect on shock loads and thereby 
reducing resultant destructive 
stresses. This soft power is con- 
ducive to development of a high avail- 
ability factor. Full Ward-Leonard 
(variable-voltage) direct-current field 
control, with separately excited 
shunt-wound motors for each opera- 
tion of the digging cycle—hoist, 
crowd, and swing—eliminates use of 
brakes and clutches. Heavy-duty 
direct-current hoist, swing, and crowd 
motors develop high torque at low 
speeds during the digging cycle and 
high speeds with low torque during 
free hoisting, swing, and retraction. 
Motors are fully reversible and, in the 
case of the hoist, two are used to 
drive a common pinion, thereby 
reducing the total inertia of the 
armatures of the twin motors to less 
than that of a single motor of equal 
rating. This lowered inertia facili- 
tates quick stops and reversals of 
rotation. This is an important con- 
sideration in view of the 1800 rever- 
sals per hour required of the five 
motors controlling cyclic movements. 

The diesel engines are direct con- 
nected to generators with a flywhecl 
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incorporated in the assembly to 
absorb regenerated energy developed 
when braking a motion during the 
cycle. The flywheel stores regener- 
ated energy in the form of increased 
revolutions per minute while pre- 
venting momentary excessive over- 
speeding of the diesel engine. This 
stored energy is consumed during the 
succeeding cycle with consequent con- 
servation of power. It is interesting 
to note that the 44,000 Ib-ft* inertia 
of the hoist flywheel created a gyro- 
scopic problem during the swinging 
motion. 

To economically utilize tremendous 
shovel yardage, correspondingly siz- 
able hauling units are obligatory. 
On the Fort Randall project, twenty 
50-ton 600-hp end-dump trucks were 
employed, incorporating torque con- 
version and automatic transmission. 
With matched equipment, a shovel 
will average a 20-sec cycle or a 50-ton 
truck load per minute throughout 
the shift. To facilitate haulage, wide, 
uniformly graded, well-drained roads 
are provided from cut to fill area. 


Portable Diesel Electric Dredge 


To complete the contract on the 
Fort Randall Dam project, it was 
necessary to excavate under water 
some 5 million cu yd of blasted rock, 
boulders, and alluvial sand, and for 
this purpose the world’s most power- 
ful diesel electric hydraulic dredge was 
designed and built in 1951. This 30- 
in. dredge is the first of its size to be 
totally portable, a feature necessi- 
tated by the inland location of the 
project. Its 1,500 gross tons sec- 
tionalized require 57 railroad cars for 
shipment and nearly the same number 
for the attendant plant. This unusual 
size was determined by the nature of 
the contract, which required the 
pumping of 1 million cu yd of sand 
blanket in the base of the embank- 
ment within a 30-day period immedi- 
ately following the closure and diver- 
sion of the Missouri. 

Power is derived from nine two- 
cycle diesel engines developing 10,950 
hp, of which 6,000 hp are available 
to the pump, 1,500 to the cutterhead, 
2,000 for reserve standby, and the 
remainder to auxiliary equipment in- 
cluding service pumps, compressors, 
and lights. This power plant is 
capable of transporting blasted chalk 
rock one mile through a 30-in. pipe- 
line at more than 1,600 cu yd per 
hour and can move sand at better 
than 3,000 cu yd per hour. This 
dredge introduced an entirely new 
technique in river closure during dam 
construction—a new chapter in exca- 
vation history. 
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Typical section 


New Closure Technique Developed 


This unique and highly successful 
procedure, developed by Dr. Lorenz 
G. Straub, M. ASCE, Director of the 
St. Anthony Falls Hydraulic Labora- 
tory of the University of Minnesota, 
was accomplished in four stages 
(Fig. 1). Placement of all dredged 
material was effected by a spill barge 
operating at the end of one mile of 
30-in. pipe passing continuously from 
bank to bank of the river. 

The first step was stabilization of 
the river bank and the placement of a 
foundation of chalk rock as a bed 
protective cover in the river channel. 
The initial protective blanket, 3 to 6 
ft thick, extended approximately 
1,000 ft from bank to bank and an 
equal length parallel to flow. This 
operation also served a useful purpose 
in testing the ability of the dredge to 
place rock of adequate size and 
volume required for subsequent 
operations. 

The second stage was construction 
of a base horizontally placed over this 
protective cover for a length of 
about 400 ft. This base was built in 
successive, 2-ft-thick, horizontal 
layers to a height just below the 
danger point of fouling the spill 
barge in the process of transversing 
the area during the subsequent opera- 
tion of building the superbase. 

The third step was construction of 
a superbase or the raising of a sill 
along the center line of the base by 
a progressive placement of dredge-fill 
layers from shore to shore of the 
river until the overflow depth had 
been decreased to 1 ft. Contrary 
to the method of base construction, 
on the superbase, building up of each 
strip was to its final height as the spill 
barge could not move over any part 
of the superbase once it was started. 


This superbase is designed to develop 
the greatest possible security during 
the most critical stages of construc- 
tion. The flow over this structure, 
except for the extreme downstream 
section, was at all times subcritical 
and at continually decreasing velocity 
as construction progressed. 

The superbase hedges against de- 
velopment of crevasses or erosion in 
somewhat the same manner as the 
base. It provides additional bulk 
volume in the embankment, which of 
itself is useful in case a crevasse 
should occur, but even more ef- 
fective is its delaying of energy 
supercritical flows until a much later 
stage in operations and at much 
lower discharges over the embank- 
ment. A significant factor contribut- 
ing to the success of this method is 
the considerable resistance to flow 
offered by the unusually wide crest 
of the fill area. 

Interesting analytical studies and 
experiments were made to estimate 
speed at which a crevasse might 
develop once a break gets under way. 
Start of a break is often difficult to 
detect, as it normally proceeds quite 
slowly at first and then develops more 
rapidly, finally being retarded as it 
approaches equilibrium. In the event 
a crevasse does develop, the spill 
barge must concentrate on filling the 
break immediately before the rate of 
erosion exceeds the dredge capacity. 
It might be pointed out that the 
development of a crevasse just prior 
to complete closure would be the 
most troublesome and time consum- 
ing to repair. By use of a superbase, 
possibility of a crevasse is greatly 
reduced. In the event of such an 
occurrence, rate of erosion is materi- 
ally retarded, allowing the dredge a 
better chance of closing the break 
before it reaches a critical stage. 
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The fourth stage of closure is 
placement of a sill crown by a final 
dredge operation, topping off the 
superbase, and completely cutting off 
flow over the underwater embank- 
ment. Total yardage involved in the 
entire protective closure operation 
was 900,000 cu yd. 

It is obvious that close visual 
observation of the entire operation 
is essential and low points in the sill 
crest must be filled immediately from 
the spill barge. To facilitate detec- 
tion of low points and possible scours, 
soundings were taken from the barge, 
and an electric graph recording 
depthometer, mounted in a motor 
boat, constantly checked elevation of 
the weir. Stadia readings from shore 
served to keep the boat in alignment. 
The discharge barge and floating pipe- 
line were controlled by several vari- 
able speed winches to insure a level 
fill at all times. 

Availability of large quantities of 
shot rock, up to 12 in. in size, together 
with a high-capacity dredge, made 
possible this closure technique on the 
Fort Randall Dam project. 

The construction industry recog- 
nizes the invaluable contributions of 
innumerable items of equipment de- 
signed for specific applications. 
Among these is the diesel-powered 
tractor-drawn rubber-tired scraper 
which, possibly more than any other 
excavation tool, has revolutionized 
earth moving by the process of self 
loading, hauling, and finishing. 


Contributions of Soil Mechanics 


The subject of earth moving would 
be incomplete without mention of the 
new science of soil mechanics. The 
behavior of variable moisture con- 
tent of large earth masses has been 
studied for some years, but only 
recently has test equipment and 
interest sufficiently developed to per- 
mit definitive analyses and con- 
clusions. In the construction of 
earth-fill dams _ particularly, in 
foundation problems, and in road 
building, knowledge of particle size 
and other physical properties of earth 
is essential to safe and permanent 
construction. 

In our era, we have seen the con- 
tours of the earth’s surface altered at 
will—undreamed tonnages of earth 
lie just ahead and projects vaster 
than any yet conceived await the 
inevitable course of progress. 


(This article was prepared from the paper 
presented by Mr. Everist before the Construc- 
tion Division session presided over by A. H. 
Ayres, chairman of the Division's Executive 
Committee, at the Centennial Convention in 
Chicago.) 
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Reclamation of by-products from industrial wastes 
often leads to returns that exceed cost of treatment. 
The Warburg Respirometer (above) is a valuable de- 
determining strength and treatability of 


vice for 
various types of industrial wastes. 


it is safer and perhaps more meaning- 
ful if speculation is confined to things 
whose future pattern has at least 
begun to emerge 

To illustrate, it appears likely that 
the spheres of operation for the dif- 
ferent modes of transportation will 
become defined more clearly. Thus 
the long haul of heavy solids, with the 
accent on speed, will undoubtedly 
be dominated by railroads on land 
and by ships at sea, whereas the long 
haul of fluids, especially on land, will 
be accomplished by pipelines. For 
the long haul of passengers and of 
lighter goods, air transportation prom- 
ises to take the lead, whether over 
land or sea. For shorter hauls, how- 
ever, whether of heavy goods, light 
goods, or passengers, the motor 
vehicle will probably predominate, 
with two important exceptions 
namely, the transportation of pas- 
sengers by rapid-transit systems in 
congested areas and the haul of 
heavy solids by conveyor belts along 
lines of exceptionally heavy traffic. 

This clarification of function, to- 
gether with new technological de- 
velopments, will lead to transpor- 
tation that is faster, safer, more 
comfortable, and, most important 
of all, less expensive. Such transpor- 
tation will contribute effectively to 
raising the standard of living, not 
only because it will reduce the cost 
of distributing goods, but because 
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better transportation, together with 
better systems of communication, 
will make it practicable to coordinate 
business and industrial activities at 
locations that are some distance from 
each other. Thus momentum will 
be added to the current trend toward 
decentralization of our cities, with 
the result that more people can live, 
work, and play in areas that are less 
congested. Behind all this, the civil 
eng-neer will play the important role 
of providing the basic ground facilities 
for all types of transportation, aservice 
so vital that it touches every sphere 
of human endeavor. 


More Food Will Be Needed 


Similarly, in considering the future 
of hydraulic engineering, it is easy 
to let the imagination run rampant 
and envisage startling innovations. 
However, this is scarcely necessary 
in bringing into focus tomorrow's 
crucial role for this branch of the 
profession. We need only to remem 
ber that, with a growing population, 
it will become more and more neces- 
sary to grow food under diverse 
conditions of climate, and that water 
is the key to this problem. Hy- 
draulic engineers, benefiting greatly 
by advances in aeronautics, oceanog- 
raphy, and meteorology, will so 
increase their skills that water, one 
of our most basic natural resources, 
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Model tests, such as this brass- 
wire test of a two-hinged spandrel 
trussed arch, help structural engi- 
neering keep pace with demands 
of construction. 


will be conserved in the true sense; 
that is, it will be used more wisely 
in serving the needs of mankind. 
This will be done in such a manner 
that topsoil, that thin upper crust 
of earth on which the food supply of 
the earth also depends, will be con- 
served and used, rather than swept 
into the sea by erosion and floods. 

More extensive development of 
water power, and perhaps the growth 
of wind power, will also be important 
in connection with the conservation 
of natural resources, especially in the 
conservation of nonrenewable fuels. 
It appears probable that nuclear 
power, although it will be available 
in some locations as a by-product of 
other operations, is not destined to 
compete in an important way with 
power from conventional sources. 
Its greatest use will be for special 
applications, often of a military 
character, where cost is a secondary 
consideration. 

Major advances in sanitary en- 
gineering, achieved as a result of 
basic research in biology and chemis- 
try, will create new methods of treat- 
ment that are both more rapid and 
more economical than those in use 
today. Speed of treatment will be 
especially important, since this will 
lead to much smaller treatment 
plants which, being less expensive 
to build, will become economically 
available to almost every city and 
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Treatment of soils with chemical agents 
which change the physical properties of the 
soils is a development that could have far- 
reaching consequences. Studies now under 
way in Civil and Sanitary Engineering De- 
partment of M.I.T. show possible method of 
placing calcium acrylate treated soils. 
Material passes through vacuum chamber for 
air removal, then through die onto subgrade 
of roadway. Subsequent polymerization of 
calcium acrylate causes solidification. In- 
sert shows flexibility of treated material 


town for both water and 
Such treatment methods will be 
equally important in the field of 
industrial wastes, since plants will 
be more willing to attack this problem 
voluntarily, and it will become less 
necessary to resort to legislative 
pressure. 

In this connection, the reclamation 
of by-products from industrial wastes, 
often leading to returns that exceed 
the cost of treating the wastes, will 
be a noteworthy factor. The sani 
tary engineer will without doubt 
become a key figure in the battle to 
conserve natural resources—not only 
by helping to use water more effec 
tively and reclaiming for re-use part 
of the content of refuse, sewage, and 
industrial wastes, but by cleaning 
up lakes and streams, thus leading 
to larger crops from fish and wild 
life, as well as to greatly improved 
recreational facilities. 


sewage. 


Cheaper Structures Foreseen 


Structural and foundation engiveer 
ing will keep pace with the demands of 
construction, both within and be 
yond the scope of the civil engineer 
ing field. Better methods of anal 
ysis and design, ingenious new struc 
tural layouts, better use of existing 
materials, and the almost complete 
mechanization of prefabrication and 
erection, all will play their part in 
reducing construction 
creased cost, of course, is of utmost 


costs. De 


importance, since more structures 
can be built with available funds. 
But perhaps the most spectacular 


advances in structural engineering 
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will result from 
new, and often synthesized, construc- 
tion materials, once again demon- 
strating the vital role of basic re- 
search in civil engineering progress. 
The treatment of soils with chemical 
agents so as to change their physical 
properties is an example of a develop 
ment that could, conceivably, have 
far-reaching consequences. 

Perhaps, in the future, it will net 
be necessary to adapt structural 
design to soil conditions as they exist 
at a given site. It may be that the 
soil properties needed for a desired 
type of construction can be obtained 
by proper methods of chemical treat- 
ment, a more positive approach 
to the science and art of foundation 
engineering. However, the addition 
of chemicals is not necessarily limited 
to soil as a construction material. 
Possibly the properties of concrete 
can be modified in an exciting man 
ner—changed, for example, so that 
much higher tensile stresses and 
strains can be withstood 

As the writer looks to the future, 
he would like to think that the fear 
of atomic warfare will no longer be a 
major consideration. Although other 
factors will be of utmost importance 
if this happy condition is to be brought 
about, the contribution of the civil 
engineer is not to be minimized. 
Hydraulic engineers will do much to 
increase the power and food supply 
of the world. Sanitary engineers 
will play an important part in im- 
proving the environment in which 
people live. Transportation engi- 
neers will help to distribute the goods 
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the introduction of 


same time, 
structural and foundation engineers, 
as the servants of the other three, 
will do their share by building the 


of the world. At the 


structures that make progress pos 
sible. All these activities will con 
tribute directly to a higher standard 
of living throughout the world, and 
thus help to remove one of the major 
causes of war. 


Social Considerations Increasingly Vital 


There are certain common denom 
inators in the foregoing speculations 
that deserve special mention, and 
the first of these is the increasing 
degree to which social censiderations 
will underlie the planning of civil 
engineering projects in the future 
The conservation of our natural 
resources, the protection of our people 
against man-made perils as well as 
the perils of nature, the betterment 
of the environment in which they 
live—these are examples of social 
objectives toward which civil engi 
neers will direct increasing attention. 
This does not mean that we do not 
now have engineers who are socially 
minded, but rather that, in future, civil 
engineers will have to think more and 
more in terms of the broad 
implications of the projects they 
build. Inevitably they will have 
to balance intangible as well as 
tangible factors in attempting to 
arrive at solutions that are best “‘on 
the whole.”’ Also, they will need 
to recognize that the rigorous pro 
cedure of analysis, important as it 
is, has its limitations and must some 
times be supplemented with the less 


social 
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formal and partly intuitive procedure 
of synthesis. 

A second common denominator 
lies in the increasing importance of 
the basic sciences and of fundamental 
research. Thecurrent transition from 
empiricism to rationalism promises 
not only to continue, but to be em- 
phasized. The importance of this 
trend, measured in terms of enabling 
the civil engineer to render more 
effective service, has already been 
strongly suggested. However, there 
are further implications of tremendous 
importance to the future of civil 
engineering, since a profession flour- 
ishes in a creative environment. 

One of the first realizations that 
comes to the civil engineer who seeks 
better ways of doing things in his 
profession is that the other fields of 
science and engineering have much to 
offer in the way of new ideas and new 
tools. For example, aerodynamics 
has stimulated hydraulics, colloidal 
chemistry is helping soil mechanics, 
and the development of electronics 
is an aid to instrumentation in civil 
engineering research. Unless an en- 
gineer is involved in creative en- 
deavor, he tends to follow the beaten 
path and this—in spite of the fact 
that his grave responsibilities are 
such that he cannot “make haste 
rapidly’’—-prevents him from profit- 
ing to the full by advancements in 
other areas. 

The world of science is moving at a 
rapid pace. Herein lies not only 
the opportunity but the obligation of 
the civil engineer. We do not know 
just what advances will be made in 
the future, but we do know that 
advances will come. We know, too, 
that if we are well grounded in fun- 
damentals we are far more likely to 
recognize the potential value of 
each advance to civil engineering, 
and to profit thereby 

Moreover, the birth of each new 
branch or phase of engineering will 
create new opportunities for the civil 
engineer. In the past, for example, 
aeronautical engineering made the 
airport necessary. Mechanical en- 
gineering, through the motor vehicle, 
led to the development of traffic 
specialties. Chemical engineering 
has created many of our stream-pollu 
tion problems. 

Again, we do not know just what 
new branches of engineering will 
create new opportunities for civil 
engineers in the future. At the 
moment we might cite nuclear en- 
gineering with its attendant prob- 
lems of structural design and waste 
disposal, but this is just an example 
that points the way toward things 
tocome. Whatever the new develop- 
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ments may be, they are potentially 
fraught with opportunities for the 
civil engineer, but he must be armed 
with a fundamental approach to his 
profession if he, rather than others, 
is to gain the satisfaction that comes 
from entering new fields of service. 


Teamwork Among Specialties 


But if we are interested in the new 
areas of service that are created by 
other professions, we are even more 
interested in contributing as a full 
partner to some of the great advances 
of science and engineering that the 
future holds in store. As we examine 
some of the outstanding achieve- 
ments of science and engineering 
during recent years, we cannot help 
but be impressed, and again the 
spectacular development of nuclear 
energy might be cited as an example, 
by the fact that teamwork between 
the various specialties not only in 
science and engineering, but in in- 
dustry as well, has been the dominant 
characteristic. A wide, frontal] at- 
tack has been involved, in which the 
rather artificial barriers of strict 
professional lines have been mini- 
mized, or even dissolved. Through 
coordination of activities, each group 
has contributed its best toward the 
sclution of a problem that was too 
complex for any one group to handle 
by itself. 

It should be observed, however, 
that if groups are to work together 
effectively, there must be a common 
ground on which all can meet. Em- 
pirical procedures, necessary as they 
may be in some instances, do not 
constitute an ideal base for collabo- 
ration. The reduction of proce- 
dures to basic elements—to basic 
science, which serves as a common 
denominator for all the fields of 
scientific and engineering endeavor— 
is far more likely to permit the kind 
of collaboration that promises to 
typify the future. This is true 
regardless of what field of engineering 
may be under consideration. 

Thus research, while helping the 
civil engineer in his constant effort 
to serve mankind in his own profes- 
sional area, serves an even greater 
purpose than this. It reduces his 
work to the common denominator 
of basic science and enables him to 
work more effectively as a teammate 
with his fellow engineers and scien- 
tists. 

Earlier in this article it was sug- 
gested that tomorrow’s civil engineer 
would view the present era as a 
period of transition from empiricism 
to rationalism, a time when the pro- 
fession made rapid strides under the 
impact of basic science and research. 


Now it is further suggested that, as 
we attempt to appraise the future of 
civil engineering, the most important 
possible observation is that the trend 
now under way will flower. Tomor 
row’s civil engineer, imbued with an 
appreciation of research and well 
grounded in the basic sciences, will 
operate in a larger sphere that brings 
bim into continued and intimate 
contact with the other branches of 
science and engineering, and will 
thereby open even wider the doors 
of opportunity for service to man- 
kind. 

It is true, of course, that not all 
civil engineers of the future will be 
direct participants in creative work. 
Those who put into practice the 
new methods that will be developed 
will always play a most essential role. 
But it will be those who find better 
ways of doing things who will blaze 
the path into the future, and it is on 
them that we should center our at- 
tention. It seems quite likely that 
future effort in the professional 
education of civil engineers will be 
especially focused on these potential 
leaders. Such a cenclusion does not 
exclude from great importance the 
sound training of many men for the 
competent execution of vital tasks 
that must be carried out with utmost 
care and skill, but simply recognizes 
the special contribution to the pro- 
fession and to society that will come 
from those who have been endowed 
with the spark of creative ability. 


Three Keys to the Future 


Transportation, water control, and 
suitable environment, for all of which 
the civil engineer provides structures 
and basic ground facilities, underlie 
every theater of human activity. 
Essential today, they will be needed 
even more vitally as civilization be- 
comes more complex. The keys to 
the future of civil engineering are 
threefold: 

1. A growing awareness of social 
values, leading to sounder planning. 

2. An 


fundamental 
better design 


emphasis on 
leading to 


increasing 
research, 


3. The wiser management of men 
and equipment, leading to better 
methods of construction. 

Of these three keys, research is 
the most important, for only by 
extending the boundaries of knowl- 
edge can a profession maintain its 
stature, and forge its way to the new 
frontiers that always lie ahead. 
(The accompanying photographs show re- 
search work under way in the laboratories of 
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Engineers must be upgraded 


to solve manpower shortage 


I, has been our common habit of 


thinking that America has an inex- 
haustible supply of competent man- 
power. If we are short in a given 
category we think all that is necessary 
is to train a few additional people 
and the shortage will be overcome. 
Where the people will come from, and 
who should receive the training, 
have never been matters of serious 
concern. The present shortage of 
engineers has given rise to studies of 
the potential manpower in our total 
population for supplying the needs 
of specialized personnel. By making 
an estimate of this potential as it 


FIG. 1. 


relates to the supply of engineers, it 
becomes possible to predict what the 
future may hold for the profession in 
this direction. 

There are many qualities essential 
to the making of an engineer. He 
must be a person of high integrity, 
greatly interested in his professional 
work, dedicated to the protection of 
the public welfare, interested in build- 
ing and operating machines and in- 
stallations, and having the necessary 
courage and persistence to finish the 
job in hand in spite of obstacles. 
And underlying all this, he must have 
the high level of intelligence to acquire 


Adjusted distribution of scores made on Army Classification 


Test in World War II shows percentages of trainees in various intelli- 


gence ratings. 


From Journal of Educational Psychology, Nov. 1947. 
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the technical knowledge and the un 
derstanding of scientific principles on 
which his work is based. He must 
possess the power of analysis and at 
the same time be able to synthesize 
his knowledge and coordinate the 
various principles involved in solving 
the problem at hand. It is clear then 
that although his character and per- 
sonality are important adjuncts, he 
cannot succeed without a high level 
of intelligence. This does not mean 
that if he has the proper level of in- 
telligence and does not have the other 
characteristics he can become a suc- 
cessful engineer. It simply means 
that the first essential requisite to his 
success is the required level of in- 
telligence. 
Pertinent Statistics Investigated 

Several noteworthy studies have 
been made over the past forty years 
which indicate the placement of en- 
gineers on an intelligence scale that 
at the same time covers other groups 
in the population. Three leading 
studies will be mentioned. The first 
was that made of the educational 
system of the State of Pennsylvania 
by the Carnegie Foundation prior to 
the First World War. The second 
was the very large classification of 
men taken into the Army during the 
Second World War. The third, and 
the most recent, is the report of the 
Educational Testing Service in con- 
nection with the deferment program 
of college students for the Selective 
Service System. In all three of these 
studies, engineers were placed in the 
topmost intelligence group of the 
population. They are in the group 
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that must also furnish the country 
with scientists, physicians and other 
high-grade leaders and professional 
people. 

In order to be more specific I have 
chosen the Army General Classifica- 
tion Score, which was used to classify 
about 9,300,000 men during the Sec- 
ond World War. This was by far the 
largest population group ever sub- 
jected to a single test, cutting across 
all strata of the male population. 
The distribution of the individual 
scores for this large group is shown in 
Fig. 1. 

Study of the various data taken for 
this classification indicates that a 
score of 120 or better encompasses 
those who could successfully complete 
a course of engineering education. 
This does not mean that each in- 
dividual will have a score of 120. 
Rather it is a statistical figure such 
that deviations above and below it 
average out. 

The area under the curve above the 
score of 120 represents 17 percent 
of the total area under the curve. In 
other words, 17 percent of the male 
group examined made a score of 120 
or better. With this information it 
is possible to estimate the potential 
of the group having the necessary 
intelligence to pursue engineering 
education and practice successfully. 

Census figures indicate that the 
average number of males reaching 
the age of 1S during a calendar year 
is approximately 1,100,000. We may 
assume this figure to approximate 
closely the number of males reaching 
college age during a given calendar 
year. Certainly some boys reach 
college either older or younger than 
18, but the deviation is similar year 
after year, and therefore 18 can be 
taken as the average for our purposes. 
Taking 17 percent of 1,100,000, we find 
that 187,000 males reach college en- 
trance age in agivencalendar year, who 
possess the required intelligence level 
successfully to pursue an engineering 
course. This same group, however, 
must provide doctors and others in 
the top level of the healing arts; 
mathematicians, physicists, chemists 
and other scientists; high-level pro- 
fessional and business people; and 
the upper portion of the skilled crafts. 

Another measure of the validity of 
120 as the bottom score for engineer- 
ing is given by the fact that this score 
includes the top 10 percent of 
policemen, fire-fighters, locomotive 
firemen, railway brakemen, crane 
and shovel operators, truck drivers, 
structural steel workers, electricians, 
plumbers, painters, general carpen- 
ters, bricklayers, welders, tailors, 
cooks, and similar skilled workmen. 
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The category also includes 25 percent 
of machinists, toolmakers, instrumen- 
tal musicians, aircraft and airplane 
engine mechanics, radio repairmen, 
postal clerks, and similar craftsmen. 
For these reasons the score of 120 is 
not thought to be too high to be taken 
as the bottom limit for engineers. 

What proportion of the 187,000 
males is available for allocation to 
engineering training? A handy index 
might be the proportionate numbers 
presently in various categories, these 
having been supplied from this intel- 
ligence group over an extended period 
of time. According to census figures, 
there are approximately 400,000 en- 
gineers, 200,000 doctors, and 200,000 
scientists. If we estimate conserva 
tively 400,000 other professional peo- 
ple and 400,000 top-level craftsmen, 
the total becomes 1,600,000, of which 
engineers form one fourth. The fig- 
ures for other professional persons 
and high-level craftsmen in this com- 
putation are probably low and the 
engineers actually form less than one 
fourth, depending on the extent of the 
error in the estimate. 

We can say that about 44,000 
males from the group of 187,000 rep- 
resent all that can be expected to 
flow toward engineering schools under 
normal circumstances, with the pop- 
ulation at the present level. Census 
figures indicate that this rate will 
remain substantially constant until 
1960, after which there will be a grad- 
ual increase, continuing at least until 
1975. 

In this group of 44,000 males who 
are potential engineering students, 
there are individuals who do not pos- 
sess the emotional stability, deter- 
mination, continuing interest or fi- 
nancial means to follow through a 
program of engineering education. 
As in the case of other college pro- 
grams, there is a gradual falling off in 
the enrollment in successive years of 
the four-year course until only about 
half of the original number that en- 
tered the class are graduated. Thus 
the expectation under normal cir- 
cumstances would be a graduating 
class of about 22,000 men a year. 
Enrollments Substantiate Statistics 

It is of some interest to compare 
these estimates with current enroll- 
ments. Last fall 38,000 freshmen 
were enrolled throughout the country 
in engineering courses. This coming 
fall, as a result of vigorous attempts 
during the past year to stimulate the 
interest of high school students, it is 
expected that there will be a sub- 
stantial increase, possibly to 48,000 
or 50,000. These enrollments would 
normally produce graduating classes 


of from 19,000 to 25,000. It will be 
interesting to note this coming fall 
the extent to which increased enroll- 
ments in engineering schools will re- 
duce enrollments in other professional 
fields. I suspect we are at the point 
where increasing enrollment in one 
professional field is in fact a case of 
robbing Peter to pay Paul. 

In this study women have been ex- 
cluded because there are not enough 
women engineers at present to justify 
the rigid statistical analysis here 
applied. Actually the number of 
women now practicing engineering 
would not change the figures here 
given appreciably. 


Profession Faces Readjustment 


All indications point to the fact 
that there will be a profound change 
in the engineering profession in the 
next quarter century. This will come 
about largely because the need for 
engineers will rise at a more rapid 
rate than the supply. Technological 
processes in almost all fields are be- 
coming more complex. This fact 
alone calls for a larger annual output 
of engineers. 

Other factors that will profoundly 
increase the need for high-level en- 
gineering services are beginning to 
emerge. It is impossible to peruse 
the extensive and carefully prepared 
Report of the President’s Materials 
Policy Commission without being 
profoundly impressed with the extent 
to which we are using up our high- 
grade materials and fuels. Not alone 
in terms of national security, but 
simply in terms of ordinary economic 
requirements, there is an imperative 
need for active research on the devel- 
opment of adequate substitutes for 
many materials, the supply of which 
is dwindling. Likewise fuels must be 
developed to provide for the persist- 
ent increase in energy demands. 


(Continued on page 253) 


FIG. 2. Percentage of engineers in relation 
to total male population of United States has 
risen continuously since 1890. Line A-A 
indicates estimated maximum level of 


supply. 
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American highways 


hk is evident that American roads 
are critically inadequate. But there 
is considerable confusion about the 
situation with the result that remedial 
action is developing slowly. There is 
obviously a need for a method of 
evaluating our highways so as clearly 
to portray their inadequacies and en- 
courage improvement programs that 
will be understood and supported by 
the public. 


Do We Need More Mileage? 


It has been stated that, if all the 
motor vehicles built since the end of 
World War II were lined up end to 
end on all the highways built in the 
same period, there wouldn’t be enough 
highways to accommodate the ve- 
hicles. This kind of word picture is 
dramatic, but unfortunately its im- 


RURAL ROADS IN THE U.S. 
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National Highway Users Conference Chart 


FIG. 1. Mileage of rural 
roads in the United States has 
remained practically constant 
since 1920, but surfaced mile- 
age has steadily increased. 
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plications are inaccurate. It isn't 
more miles of highways that we need. 
Actually, we have plenty of miles of 
highway—tmore than are needed in 
some places. 

The Colorado Highway Planning 
Committee, in its report of October 
1950, indicated that over 29,000 
miles of roads out of the total state 
mileage of 80,000 could be abandoned 
as public facilities. This conclusion 
was based on county by county evalu- 
ation by local people. No doubt 
Colorado represents an extreme case, 
in part because of the consolida- 
tion of smaller ranches into larger 
holdings and in part because of aban- 
donment of various mining activities. 
However, other states have reported 
a considerable mileage of roads that 
are no longer needed or that provide 


3 FACTORS COMPOSE THE SUFFICIENCY RATING 
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nonessential alternative routes. 
Connecticut, for example, in 1946, 
after providing for the abandonment 
of a considerable mileage of public 
roads no longer in use, reported that 
less than one-half of the remaining 
mileage of unimproved rural roads 
provided an essential service even ex- 
cluding those leading to a single farm 
or dwelling. So it appears that there 
is more need for contraction than ex- 
pansion of the total road network, 
and that American highways are 
largely adequate as regards mileage. 

The annual improvement programs 
of the state highway departments 
illustrate the relatively small require- 
ments for expansion of the network. 
According to the U. S. Bureau of 
Public Roads Report for 1950, the 
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FIG. 2. “Sufficiency rating” is composed of three factors. A total rat- 
ing of 100 indicates a road completely adequate for the traffic served. 
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their adequacy 


44,265 miles of roads during the year. 
Of this total only 1,838 miles, or 4 per- 
cent, represented an addition to the 
existing mileage; and this addition 
was almost entirely due to construc- 
tion on new locations where the old 
road still had to be maintained for 
local service. In other words, the 
additional mileage of highway was 
made necessary to modernize exist- 
ing facilities and not to expand the 
network. 


We Are Largely “Out of the Mud” 


The good-roads movement of thirty 
or more years ago was aimed at getting 
the motorist ‘‘out of the mud.’’ The 
development of highway transporta- 
tion at that time was being retarded 
by the lack of stable road surfaces. 
Even the main intercity routes were 


SUFFICIENCY RATINGS FOR AN ACTUAL STRETCH OF HIGHWAY 





not of all-weather construction. Now 
the major highways provide depend- 
able year-round service and, in a 
number of states, almost all places of 
business, farms, and other residences 
are served directly by surfaced roads. 
In other states, most roads on which 
improvements to all-weather surfaces 
are economically justified have al- 
ready been improved. The Board of 
County Engineer Consultants to the 
U.S. Bureau of Public Roads stated, 
under date of March 22, 1950: ‘‘The 
total improvement of all essential 
roads to an all-weather level would 
be economically unsound.”’ 

The trend over the past thirty 
years indicates the tremendous strides 
that have been made in expanding the 
mileage of surfaced roads. The total 
rural road mileage has remained al- 
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U.S. 29 in Fauquier County, Va 


FIG. 3. Profile method permits graphical presentation of suf- 
ficiency ratings for actual stretch of highway, mile by mile. 
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most constant—roughly 3 million 
miles. But the surfaced mileage has 
increased as follows: 


1921 387 , 000 miles 
1930 694 , 000 miles 
1940 1,340,000 miles 
1950 1,679,000 miles 


These data are shown graphically 
in Fig. 1. There still is work to be 
done in extending the pattern of all- 
weather roads ‘“‘beyond the second 
cross-road,”’ but lack of those im- 
provements is not a major problem in 
most of the country today. 


Problem Is Not Simple 


We don’t then need a lot of new 
roads or surfacing of existing unim- 
proved roads. Still we are faced with 
critical inadequacies and congestion 
that amount to a highway crisis. 
What is the matter? 
need? There is no easy answer. The 
answer thirty years ago was simple— 
“get the motorist out of the mud’’— 
but today the problem is more com- 
plex. 

Some of today’s highway problems 
are created by structural inadequacies 

broken pavements and weak sub- 
grades. Some difficulties can be 
charged to deficiencies in road align- 
ment and width, which restrict the 
free movement of motor vehicles. 
In some cases, hazardous conditions 
are created by short sight lines, in- 
adequate shoulders, or combinations 
of these factors. 


Sufficiency Ratings Measure Adequacy 


“Sufficiency ratings’’ offer a means 
of evaluating the adequacy of high- 
way sections on a consistent and 
comprehensible basis. The evalua- 
tion takes into account three main 
factors: (1) the structural condition 
of the road, (2) its effectiveness in 
serving its traffic, and (3) the degree 
of hazard associated with its use. 
The point system of evaluation is 
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illustrated in Fig. 2. The procedure 
assures consistent application to all 
road sections. The higher the rating 
the better the road in its structural 
and operating characteristics. A 
rating of 100 represents a road com- 
pletely adequate for the traffic it 
serves. 

With sufficiency ratings established, 
it is possible to indicate the adequacy 
of the road system in various ways. 
A profile may be used to show graph- 
ically the sufficiency rating from sec 
tion tosectionalongaroute. See Fig. 
3 for an example. Maps may also be 
synibolized to portray the sufficiency 
rating for all sections of the road sys- 
tem. Listings provide another effec 
tive method of presentation, particu 
larly when the road sections are listed 
in order of their sufficiency. Program 
progress can be effectively plotted, as 
shown in Fig. 4. 

Following the lead of the state of 
Arizona, more than 20 states and the 
Bureau of Public Roads now utilize 
sufficiency ratings. The BPR is ex- 
pected to have all the federal-aid 
primary highway systems rated for 
all the states by the end of 1952. 
A comprehensive nationwide ap- 
praisal of the adequacy of our most 
important highways will then be pos 
sible. Meanwhile, the work done in 
analyzing the problem in some states 
gives an indication of what our high- 
way inadequacies are. While most 
of the sufficiency ratings so far have 
been applied to major rural highways, 
the approach, with proper modifica 
tion of formulas and procedures, is 
equally suitable for urban highways 
and for secondary rural roads. 

Arizona was the pioneer in devel 
oping the sufficiency rating of high 
ways. This rating procedure was 
started there in 1946 by Karl Mosko- 
witz, M. ASCE, while he was employed 
by the U.S. Bureau of Public Roads. 
The annual reports published by the 
Arizona Highway Department dem 
onstrate the great value associated 
with the continuing inventory of the 
highway system provided by suffi 
ciency ratings. 

In the 1952 report for the federal- 
aid primary system in Arizona, the 
Highway Department reports 860 
miles of the system’s total of 2,462, or 
35 percent, as rating less than 70. 
The Department recognizes a rating 
of less than 60 as indicating inade- 
quate parts of the system and, since 
1947, has been directing a program 
for the improvement of sections rat- 
ing lower than this. Because Arizona 
maintains a continuing inventory 
with its sufficiency ratings, it is pos- 
sible to evaluate the progress being 
made in eliminating critical deficien- 
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cies as well as to judge the current 
status of the system. In the 1952 
report, progress since 1947 is reflected 
as follows: 


MIL&s AT OR BeLow Sur- 


Year Fictency Rarinc or 60 
1947 ‘ 650 
1948 564 
1949 601 
1950 538 
1951 4179 
1952 448 
Colorado. The 1951 Highway De- 


partment report of sufficiency ratings 
for the federal-aid highway systems 
in Colorado, states that: 


It is recommended that all sub-sections on 
the federal-aid primary and secondary sys- 


COLORADO HIGHWAYS — !95l 


The Interstate System is in Bad Shape 
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FIG. 4. Program progress is measured by plotting it according to program period. 


tems with a net rating of less than 70 be 
given immediate consideration for improve- 
ment either by construction, reconstruction 
or extensive maintenance operations. 


On the basis of this statement, the 
critical deficiencies can be summa- 
rized by taking the mileage with rat- 
ings of less than 70, as follows: 


« OF 
Porat Miteace Toratr 
SYSTEM BELOW MIL! 
MILEAGI 70 AGE 
All federal-aid sys 
tems 7,436 1,342 is 
Interstate system 616 310 50 
Federal-aid primary* 3,241 595 18 
Federal -aid 
secondary 3,579 437 12 


* Excluding interstate 





Percent of systems in 
different rating groups 


Less than 60 60-70 





FIG. 5. In Colorado, interstate system is in bad shape (1951). 
Sufficiency ratings are used to measure extent of problem. 
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This points up a situation that exists 
in most states. A much greater pro- 
portion of the most important high- 
ways is critically deficient than is 
the case for the rest of the road sys- 
tem. While only 18 percent of all 
federal-aid systems is critically de- 
ficient, 50 percent of the interstate 
system is deficient. (See Fig. 5.) 
The interstate system was laid out 
to include a limited mileage which in- 
cludes the routes most vital to the 
economy of the country in peace or 
war. Nationwide, the system covers 
less than 40,000 miles, only 1'/; per- 
cent of the total road mileage, but it 
carries 20 percent of all rural traffic 
and 10 percent of the urban traffic. 

As reported for Colorado, the criti- 
cal deficiencies do not represent a 
large percentage of the total mileage, 
but do represent the mileage on which 
a comparatively large percent of the 
total travel occurs. As this part of 
the road system is bad, so must its 
influence on highway transportation 
in Colorado be bad. In no other way 
can such striking improvement in the 
highway situation be accomplished 
as through modernization of the inter- 
state system. In the interest of 
getting efficiency and safety on 
Colorado highways, it is imperative 
that steps be taken promptly to cor- 
rect the critical deficiencies that exist 
on one-half of the most important 
highways in the state. This Colo- 
rado situation is typical of much of 
the country today. 

Idaho. As of 1951 the State of 
Idaho published a highway suffi- 
ciency rating study covering its sys- 
tem of 4,511 miles. A rating of 65 


SUFFICIENCY RATING SHOWS 
ADEQUACY OF LOUISIANA HIGHWAYS 





represents the value above which road 
sections are tolerable and below which 
they are unsatisfactory. The report 
places 1,301 miles, or 29 percent of 
the system, as intolerable because of 
a rating of 64 or less. In addition, 
Idaho reports 63 miles which rate 
65 or higher but have a critical rating 
in one of the three factors of “condi- 
tion,’ “‘safety,’’ or “‘service,”’ and 
should be included for current pro- 
gram consideration. Thus 30 per- 
cent of the system is in immediate 
need of improvement. 

Louisiana. The Highway Depart- 
ment of Louisiana published a suffi- 
ciency rating report for 1950 cover- 
ing 2,284 miles of primary roads. 
See graphic presentation, Fig. 6. 
This is a small percentage of the total 
road system and represents the routes 
of greatest traffic importance. The 
report shows that 1,283 miles, or 56 
percent, have sufficiency ratings be- 
low 70. Taking the more critical 
rating of 60, it is found that there are 
749 miles below this rating—33 
percent of the total. 

Oklahoma. The Oklahoma High- 
way Department has made a suffi- 
ciency rating report on its federal-aid 
primary system as of 1951. The sys- 
tem totals 6,790 miles, excluding ur- 
ban sections, projected routes, and 
jobs under construction, and 3,835 
miles are reported as ‘‘adequate,’’ 
with ratings from 80 to 100. This is 
56 percent of the total mileage. There 
are 1,605 miles, or 24 percent, re- 
ported “‘tolerable,”’ with ratings be- 
tween 70 and 80. Twelve percent, 
or 820 miles, are shown as “‘inade- 
quate,” with ratings between 60 to 
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Data based on federal system in Louisiana 


FIG. 6. Sufficiency ratings show adequacy of primary road system of Louisiana. 
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70; and 8 percent, or 530 miles, are 
reported as “‘critically inadequate,”’ 
with ratings below 60. The com- 
bination of “inadequate” and ‘‘criti- 
cally inadequate’ represents 20 per- 
cent of the total system mileage. 
See graphical presentation, Fig. 7. 

Virginia. In 1951, the Automo- 
tive Safety Foundation made a sur- 
vey of 2,475 miles of the most im- 
portant highways in Virginia in co- 
operation with the U.S. Bureau of 
Public Roads and the Virginia High- 
way Department. The sufficiency 
ratings show 817 miles, or 33 per- 
cent, rating less than 70. By an alter- 
native evaluation, using ‘‘tolerable 
standards” against which to relate 
the various significant highway fea- 
tures, such as width, curvature, etc., 
it was determined that 841 miles are 
critically deficient. The close agree- 
ment between the “tolerable stand- 
ards” evaluation and the deficiencies 
below sufficiency ratings of 70, indi- 
cates the reasonableness, in the Vir- 
ginia study, of taking 70 for the divi- 
sion point between critically defi- 
cient and adequate highways. 

Sufficiency ratings provide a quali- 
tative measure of the degree of ade- 
quacy of a highway system. While 
it is not possible to state that any 
particular rating represents the divid- 
ing point between the adequate and 
the inadequate parts of a highway 
system, it is possible to set such a 
dividing or cutoff point based on 
evaluation of either hypothetical 
or actual road sections which are 
considered to represent the limiting 
condition of acceptability or ade- 
quacy. In Colorado a rating of 70 is 
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FIG. 7. Oklahoma uses sufficiency rat- 
ings to determine critical highway needs. 
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considered as the point below which 
road sections are inadequate. The 
Automotive Safety Foundation study 
in Virginia arrived at the same cut- 
off value. Oklahoma has set 70, but 
qualified it by further classification 
of sections below 60 as “critically in- 
adequate." Idaho has established 
65 as the lower limit for adequate 
road sections. Arizona and Louisiana 
have not indicated any conclusion on 
this point, but Arizona has been 
directing its program toward elimi 
nation of critical deficiencies below 
60. It must be recognized that there 
will be differences in the cutoff values 
established for different states, pri 
marily because the sufficiency rating 
formulas used are not identical. 

In time it is hoped that some eco- 
nomic criteria will be developed for es 
tablishing the division point between 
adequate and inadequate facilities. 
Computing benefit-cost relationships 
for projects to correct deficient road 
sections of different sufficiency rating 
values would provide an approach 
that has promise, particularly in 
view of the considerable application 
of the benefit-cost relationship in 
highway planning in some states at 
the present time. This approach 
would be aimed at establishing a 
cutoff point below which benefits 
from improvements could be expected 
to provide highway transportation 
benefits in excess of the costs asso 
iated with the improvement. 

In the absence of cutoff points es 
tablished by economic evaluations, it 
will be necessary to continue to 
ollow an empirical determination of 
hat is adequate and what is in 
adequate but, even so, the suffi 
tiency ratings provide a_ simple, 
readily understandable means of 
‘lassifying highway adequacy. Fur- 
hermore, the extent of critical defi- 
riencies falling in different sufficiency 
rating groups is readily determinable, 
and provides the basis for a continu 
















































adequacy of each section of highway system. 





ing highway program aimed at getting 
adequate highways. 

Our present critical highway prob- 
lem has arisen largely because of a 
lack of a continuing inventory of 
highway needs so presented as to 
have significance to the highway 
users and the general public. The 
highway problem is critical because 
it has been confusing. Confusion has 
resulted in inequitable dispersion of 
existing highway-user tax revenues. 
It has encouraged unsound modifi- 
cations of good highway finarice pro- 
posals, and it has prevented a con- 
tinuing effort to meet the most urgent 
highway needs and to raise the level 
of efficiency of the highway network. 


What Is Current Adequacy? 


The sufficiency data summariza- 
tions, as previously presented, point 
out the extent to which existing rural 
roads are deficient in certain states. 

It may be surprising to some that 
our entire road system is not “‘washed 
up.’ However, the sufficiency rat- 
ings show that nationwide, it is likely 
that 70 to SO percent of the federal-aid 
highways (roughly 650,000 of the 
major highways and principal feed- 
ers) are in good condition. Probably 
only 20 to 30 percent are in urgent 
need of improvement. 

This does not mean, however, that 
the American motorist can expect 
to drive 7 to 8 good miles for every 
10 he travels. The deficiencies are 
far more critical and extensive on the 
most important highways, the ones 
on which the motorist drives a large 
part of the time. Thus, if he makes a 
trip between two major cities, he is 
likely to find 50 percent or more of 
the mileage critically inadequate, 
rather than 20 to 30 percent, the aver- 
age for all federal-aid routes. The 
situation will vary from state to state 
and from route to route within each 
state, but the pattern is fairly consist- 


“* 


ent. The routes most vital to free 
and safe traffic movement are the 
least adequate. 

The urban situation is similar to 
that in rural areas but even more 
critical as far as major routes are con- 
cerned. Modern highways—park- 
ways and expressways—are only now 
being started in many of our major 
cities and their suburbs. Elaborate 
systems of such facilities, and ade 
quate parking terminals, provide the 
only hope for the relief of urban con 
gestion. Even in cities where park- 
ways and expressways have been 
completed, the development is so 
limited as to bring small relief 
Whereas it may be expected that as 
much as 50 percent of an important 
rural route will be adequate, it is 
doubtful that as much as 10 percent 
of the urban connector will provide 
equivalent service. 

In conclusion, four main points 
should be emphasized: 

1. Wedo have a good road system 
as far as its extent is concerned. 

2. We have got well out of the 
mud and are continuing rapidly the 
expansion of all-weather roads in 
rural areas. 

3. We have critical inadequacies 
of relatively large parts of major 
routes, rural and urban. It is these 
inadequacies and their vital effect on 
our entire economy which has created 
today’s highway crisis. 

1. Great promise of attainment of 
adequate roads lies in increasing pub- 
lic awareness and understanding of 
the problem. When, as a result of 
engineering evaluations of highway 
inadequacies, the people understand 
what must be done, they will act to 
obtain adequate roads for a stronger 
America. 


(This article is based on Mr Jorgensen's 
paper presented before the joint session of the 
Construction and Highway Divisions pre 
sided over by DeWitt C. Greer, M. ASCE, at 
the Centennial Convention in Chicago.) 


Sufficiency ratings provide a single numerical value, against a scale of 100, to reflect degree of 
For example, road at left gets low marks on con 
dition, traffic service, and safety, whereas route at right would get sufficiency rating of 100. 
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he Highway maintenance has ap- each type of roadway, roadside and attractive. The end result of 
he proached an acceptable efficiency structure, and facility as nearly as adequate highway maintenance is 
in only during the last quarter century. possible in its original condition as smooth and safe roadways, clear 

This has been accomplished largely constructed or as subsequently im- waterways, and clean rights-of-way. 
es through mechanization, by the train- proved. It means patching holes, In the history of road maintenance 
or ing of highway maintenance per- filling ruts, cutting corrugations, in the United States, the years prior 
se sonnel, and through the awakening of | pouring cracks, cleaning ditches and to 1900 may be marked off as of little 
Qn engineers to a realization that high- culverts, removing snow, spreading consequence; those between 1900 
ad way maintenance means far more cinders, fighting floods, mowing weeds, and the 1920's may be labeled as 

than just mending or smoothing a_ erecting proper traffic controls and educative and preparatory; and the 
of rough or broken roadway warning signs, and innumerable other last quarter of the century may 
b- Just what is highway maintenance? operations which contribute to keep- be cited as the period of awaken- 
of It is the preserving and keeping of ing a highway smooth, safe, efficient, ing and actual progress. Up to the 
of 
y 
d 
e) 
r 
. Left: Mending roads as late as 1900 was up team was one of earliest pieces of equip- 
“ by hand methods, with axe, pick, and ment devised to improve highway main- 

shovel. Right: Split-log drag behind four- tenance—before 1890. 
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early 1900's, with but few exceptions, 
maintenance was a local responsi- 
bility, generally charged either to 
townships or to counties. Usually 
the county was divided into local 
districts and virtually all authority 
delegated to untrained men appointed 
or elected to care for the roads. 
When and if any actual work was 
carried out, it was largely by persons 
working out the highway taxes levied 
by the individual communities 


Road Taxes ‘‘Worked Out” 


During this “dark age’ of our 
nation’s roads, the town plow, the 
axe, the hoe, the pick, and the shovel 
were the principal tools for making 
repairs. A summary of the procedure 
actually followed in Massachusetts in 
1866 is given in an 1SS8S history of 
transportation compiled by J. L. 
Ringwalt, early-day editor of Railway 
World. The following abstract pro 
vides us with a typical picture of 
maintenance as it existed until about 
LS9O: 

“Surveyors,”’ elected at town meet 
ings and having no particular skill, 
were charged with directing the work. 
Labor was performed by persons old 
and young, rich and poor, working 
out a highway tax. The “surveyors” 
were farmers who took turns at the 
job, often seeking it so that they 
could repair their own road 

Repairs seldom were made at the 
time most needed, but rather when 
it was convenient for brother farmers 


Left: Horse-drawn wheeled patrol grader 
was an early rig built for road maintenance. 
This one-man self-propelled power 


Right 





190 (Vol. p. 674) 


to work——after planting or harvesting 
was done. Citizens in town meeting 
would fix the prices to be paid for the 
labor of men and animals, the rate 
being set at the highest level com- 
manded by the best men and teams, 
because each voter had a direct in- 
terest in that price. 

Then came the actual day for re- 
pairing the road. Ringwalt de- 
scribes it thus, in an 1866 Agriculture 
Report: 


A motley assemblage gathers, of de- 
crepit old men, each with a garden hoe; 
of pale, thin mechanics from their shoe 
shops, armed with worn-out shovels; 
half grown boys, sent by their mothers 
who, perhaps, are widows; with, perhaps, 
the doctor, the lawyer, and even the 
minister, all of whom understand that 
working on the road does not mean hard 
labor, even for the soft hands. 

Farmers bring their steers . . . the old 
mare in the lead, with a cart. A new 
citizen drives up, with rickety cart and 
mortal remains of a railroad horse 
Che only effective force consists of two or 
three yokes of oxen and a half dozen men 
hired by the surveyor with money paid 
by non-residents and men whose time is 
of too much value to waste on the roads. 

Cattle are put to the big town plow... 
boys ride the beams, drivers put on the 
lash. Gutters, half filled with sand and 
soil and leaves of a half dozen seasons are 
ploughed up reams then stand idle 
and this mixture, more fit for the compost 
heap, is thrown upon the road by the old 








men with their hoes and shovels. The 
occasion is regarded more as a frolic than 
as serious labor. 

The report from which Ringwalt 
quoted, drew this conclusion on the 
procedure: 

No one who has once witnessed the 
process of “‘mending the roads” in a small 
New England town needs any argument 
to convince him that a system more in- 
geniously devised to accomplish nothing 
was never invented. 


Continuous Maintenance Needed 


The period prior to 1900 did, how 
ever, bring some developments that 
were to have an important influence 
on modern methods. For example, 
Jerome Tresaguet, the great French 
road engineer of the late 1700's, not 
only advanced the idea of lighter 
pavements and crowned subgrades, 
but also stressed the necessity for 
continuous, organized maintenance, 
instead of intermittent repair, to keep 
roads in condition at all seasons of 
the year. 

Tresaguet organized the “‘canton- 
nier”’ system of maintenance which, 
manned at first by untrained laborers, 
soon developed into a_ specialized 
maintenance organization paid for 
and supervised by the French 
Government. Also, he initiated the 
idea that rapidity of wear is in direct 
proportion to bad road condition. 
Therefore, to insure the longest pos 
sible life, it becomes mandatory to 
preserve the integrity of the surface 


grader, one of first used by Missouri High- 
way Department, shows that solid rubber 
tires were coming into use early in 1920's 
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The by prompt and incessant mainte- creek gravel on the plank ends. This year Stephen Duryea first success- 
then nance. resulted in the discovery that creek fully operated an automobile in this 
Thomas Teleford, a famous road gravel made an excellent surfacing country, and Henry Ford built his 
walt builder of the 1800's, made an ob- material, and its use on low-traffic first car. 
- the servation in 1820 that is just as im- roads has continued to this day. From the beginning of the highway 
portant and true today as it was ; : : development program, the need for 
| the when spoken: Maintenance Equipment Mechanized special equipment to perform work 
mall be casts eever be femetion Wat be Numerous other developments in became evident. Possibly one of the 
nent alles: te iis is alillieae at dal ner the later half of the nineteenth first devices tor road maintenance 
e in fect, it must be kept completely dry century contributed to present-day was the split-log drag for crowning 
hing methods: duPont’s new blasting and smoothing the earth road surface. 
He also said powder in 1856; Blake's introduction Its initial use is lost in antiquity but 
ee a ee Se ee of a jaw rock crusher in 1857, and a_ it was probably used in this country 
sain See Cees Us eae ok Oe fire ses of Sy Tatory crusher in 1881; the birth by the earliest settlers. In Missouri, 
ow the road, and never quit it for a single of the petroleum industry in 1859, D. Ward King exploited the use of the 
that des toda eurGiendies: Gar eb denen when the first oil well was sunk at split-log drag in the 1890's, and 
nce have sufficient todo in spreading materials Oil Creek, Pa.; discovery of the in- spread its virtues by visiting some 
ple, in ruts and hollows, in scraping the road, ternal combustion principle in 1859, twenty-three states, from Maine to 
ach i eau out the Gils chums ant with the first vehicle propelled by an Texas and from Maryland to the 
not keeping open the watercourses, and gen- internal combustion engine being built Dakotas, to promote it as a cheap 
iter erally in maintaining the road in a clean early ry the 1860's; and the importa- way to obtain good roads. 
les. c=! tii. btn ae ~ roller in 1869, when : The King drag was made of a log, 
fone s0 employed will do a great deal toward the Commissioners of Central Park, 7 to 9 ft long, split in half lengthwise. 
ce pecservetion of the send New York City, purchased a 15-ton Phe halves of the log were set flat | 
eep machine manufactured in England. sides to front, and fastened about 
. of In Missouri, the plank road craze The bicycle, which was to plant an 30 in. apart. There was a platform 
came in about 1849. Nearly fifty early seed of desire for better roads, on top on which the driver could 
on companies were chartered to estab- appeared in sizable numbers in 1877. stand. In 1908, a pamphlet prepared 
ch. lish toll highways using plank as the In that same year the steam mortar by Missouri’s first State Highway 
rs. surface layer. In other parts of the mixer was introduced. William H. Engineer, Curtis J. Hill, M, ASCE, as- 
zed country, during an earlier period, Diedrick, of Fresno County, Cali-  serted, “the best and most economic 
for corduroy roads were built consisting fornia, perfected an improved earth implement with which to maintain an 
ich of logs laid side by side as the sup- scraper that was to become the par- earth road is the drag,” and estimated 
the porting element of the wagon load. ent of the one so widely used for the cost at not over 30 cents per mile. 
ect These plank roads gave way to mac- many years, before the wheeled The self-propelled power grader of to- 
on. adam within a few years because of the scraper was invented in 1884. The day is an evolution of the split-log | 
08 fast wearing and warping of the first portland-cement concrete pave- drag and is one of the most useful 
to plank. In some places, warping of ment in this country was laid in Belle- machines for road maintenance. 
ce the plank was controlled by placing fontaine, Ohio, in 1893. Also, in that King, although he gained no special 
Left: Gasoline-engine tractor replaced horses mounted on fully pneumatic rubber tires, is one 
for hauling road grader about 1900. Right: of most generally useful highway maintenance 
Modern motor grader, operated by one man and machines, found in every highway department. 
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recognition for it, pressed for adop 
tion of weed control not only on the 
road shoulders, but on the roadway 
itself. He noted that weeds and 
grass held moisture and prevented 
the road surface from drying out 
rapidly. Today the weed control 
program has been expanded to em 
brace the entire right-of-way. 


State Takes Over Maintenance 


New Jersey, in 1891, inaugurated 
state aid for road improvements. 
Massachusetts adopted the plan in 
1893, Connecticut in 1895, Rhode 
Island in 1896, Vermont in 1898, and 
so on until all the states had joined 
in by 1917. Congress on March 3, 
1893, established the U. S. Office of 
Road Inquiry and appropriated $10, 
000 to carry on research and educa 
tional work in connection with road 
management and construction. This 
agency grew into the Office of Public 
Roads and finally the Bureau of 
Public Roads, which throughout its 
life has contributed much, not only 
toward making construction of ade 
quate roads possible, but also toward 
providing for their proper mainte 
nance. 

The New York Enabling Act ol 
LS9S was designed to aid fiancially in 
the maintenance of the network ol 
earth roads that then existed, and to 
encourage the abandonment of the 
antiquated system of working out the 
road tax. The Federal Aid Act of 1916 
provided, among many things, that 


Left: Typical road patrolman in Missouri, at right, about 1925, 


operated horse-drawn wagon and hand shovel. 
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then Assistant Division Engineer of Missouri Highway Department, 


states must maintain highways on 
which federal aid was received for 
construction. 

In the early 1900's the nation’s 
expanding economic needs and the 
increase in the number of automobiles 
combined to create both a desire and 
a need for more and better roads. 
The steam roller and the rock crusher 
still were the only power tools in 
general use. Horse-drawn vehicles 
and hand tools were the rule, and 
they were becoming far from ade- 
quate. Likewise, the long-estab- 
lished rule of local maintenance was 
proving more and more unsatis- 
factory. Soon after the New York 
State Commision of Highways was 
set up in 1909, it was decided to 
establish a patrol system to insure 
constant care and attention to the 
roads. 

To keep up with the changing 
picture, by 1917 every state in the 
Union had adopted some form of 
state participation in highways. Ac 
tual building and maintenance still 
were carried out at the local level 
in many states, but the proce 
dure was changing form. Trained 
engineers were taking over the super 
visory work, and expert advice was 
becoming more readily available, and 
more often sought, as state highway 
departments were set up and became 
ictive agencies. 

This same _ period brought, 
in 1914, organization of one of the 
iIidest of America’s agencies whose 


also 


At left, R. D. Pugh, 


here yesterday.” 
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prime goal is better highways—the 
American Association of State High- 
way Officials. The AASHO was 
formed, primarily, to bring together 
highway officials so that they might 
discuss and compare their problems, 
exchange ideas, and promote re- 
search. This pooling of ideas and 
know-how has resulted in invaluable 
contributions through the years. 

The idea of state-controlled road 
programs took hold quickly and grew. 
By 1920 several states had adopted 
it, most of them even going so far as to 
set up a special maintenance depart 
ment or bureau to meet mounting 
needs. In Missouri, for example, the 
State Highway Department was 
created in March 1917, and that year 
brought the first move toward state 
aid on maintenance. This came as 
the new board established a policy 
of paying $1.25 per mile per month 
for dragging roads connecting county 
seats of adjoining counties. By 1923 
it was found expedient to set up a 


maintenance bureau in the State 
Highway Department. 
With the organization of main 


tenance divisions or bureaus came a 
broadening in ideas and understand 
ing of just what maintenance actually 
meant. Not only did it mean mend 
ing roads, but it began to embrace the 
marking of them so that travelers 
could find their way about more 
readily. 

The year 1920 saw creation of the 
Highway Research Board of the 


is told, “Traffic is sure picking up——had four automobiles through 
Right: 
by Missouri Highway Department, about 1917. 


One of earliest maintenance trucks used 
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National Research Council—the ac- 
complishments of which any highway 
engineer quickly recognizes. That 
same year brought also a rising cry to 
lift the nation out of the mud, with 
many fund campaigns carried out, in 
Missouri among other places. 


Enter Rubber-Tired Equipment 

Wars, destructive as they are to 
human life and property, always have 
brought some later-recognized con- 
tributions toward the advancement 
of civilization. World War I may be 
credited with bringing about the be- 
ginning of motorization and mechani- 
zation of highway maintenance de- 
partments, by making available sur- 
plus army trucks and tractors. Al- 
though the old solid-tired White and 
Liberty trucks didn’t do too well on a 
country road in wet seasons, they 
proved the value of such vehicles in 
the overall picture by speeding up 
many activities. 

Yet, even with those trucks and 
their hard-rubber tires, or the iron- 
wheeled and lugged tractor, pulling 
drags and light graders, the most 
effective maintenance patrol still was 
the four-up light team, the light pa 
trol grader, and wagons, slips, and 
shovels in the hands of husky and 
willing men. The blade and team 
smoothed the surface; the slip built 
up and drained the low spots; the 
wagon hauled stone, gravel, and cin 
ders to fill soft places, or bridge lum 
ber and culvert pipe as needed. 

Manpower was extremely short 
during the postwar period of the early 
20's because jobs were plentiful and 
pay was high. This condition em 
phasized the value of equipment in 
supplementing men and thus helped 
to speed up maintenance mechani- 
zation. The one-man power grader 
might well be considered the child of 
the manpower shortage. The need 
for this piece of equipment developed 
during the early 1920's, and by 1926 
several fairly motor graders 
were available, although they were 
still equipped with spade lugs or solid 
rubber tires. 

The inadequacy of lugs and solid 
tires was to be the springboard for 
another advancement that has con 
tributed heavily toward making to 
day's maintenance equipment what 
it is. That was the introduction of 
pneumatic tires on road machinery. 
Again, Missouri can claim some credit 
for promoting this forward step 

A MeCormick-Deering agent sold 
the Macon division engineer and 
his maintenance chief on the idea 
of putting pneumatic tires on a motor 
grader. This was the first such test 
by the company, and one of the first, 


good 
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if not the first, in the nation. The 
new-type tires were put on 10-20 


graders. The company assigned a 
mechanic to stay on the spot and 
work out the bugs, of which there 
were plenty. But by the end of the 
year the pneumatic-tired equipment 
had proved that it could more than 
double the mileages of work per- 
formed by the old iron-wheeled and 
solid-tired machines. Most equip- 
ment concerns adopted the idea at 
once. 
Bituminous Surfaces Cut Dust 

The late 1920’s also brought ex- 
tensive experiments in bituminous 
road surfaces, many of them done in 
the maintenance bureau. These ex- 
periments resulted from the demand 
of increasing traffic for elimination of 
dust on loose aggregate surfaced 
roads. Limited funds for this work 
dictated the need for a low-cost dust 
less surface. In 1928 the Missouri 
Highway Department purchased its 
first distributor, rollers, heaters, and 
necessary crane and trucks for such a 
program. Retread, oil mat, and other 
experimental bituminous — surfaces 
were built. Many rock asphalts and 


patented bituminous mixes were 
tried, and various grades of tars, 


cutbacks, and emulsions were used. 
This period might well be listed as the 
era of development of low-cost bitu 
minous surfaces, not only in Missouri 
but elsewhere. With the develop- 
ment and widespread use of bitu 





minous pavements and surfaces came 
the necessity of devising new main- 
tenance methods to care for such 
roadways. 

Despite depression handicaps in 
the 1930’s, that decade saw some out- 
standing contributions toward per- 
fection of maintenance methods and 
activities. Our department in 1929 
developed and built a truck-mounted 
road magnet and operated it over all 
state gravel roads to remove metallic 
articles capable of puncturing tires. 
During 1930 this machine covered 
7,212 miles of roads and picked up 
27,033 Ib of metal such as nails, 
screws, and bolts. The device pre- 
vented many a tire puncture and 
gained much favorable publicity 
throughout the state and the nation. 
Even today such magnets are in 
demand and are operated over rural 
roads in Missouri. 

In addition, this decade brought 
even more attention to controls on 
vehicle weights, vast expansion in 
bituminous road _ surfacing, and 
greater emphasis on maintenance of 
secondary or farm-to-market roads. 
Undersealing Replaces Mud-Jacking 

Mud-jacking of pavement slabs 
was introduced early in the 1930's. 
In its initial phase, mud-jacking was 
practiced to pump a _ soil-cement 
water mixture under pavements to 
raise sunken areas, and thus restore 
the smooth riding surface. Now the 


(Continued on page 248) 


This modern 1'/:-ton dump truck is typical of units 
used by all highway maintenance men today. 
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The changing picture 
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Two scenes on New York's Fifth Avenue are separated by 38 years. Street facilities 
remain the same; only the type, speed and composition of traffic have changed. 
} Easter Sunday morning in 1900 is contrasted with Easter Sunday morning in 1938. 


























The demands of modern automo- 
tive traffic have, in effect, revolution- 
ized the mission of highway engineer- 
ing, as traditionally accepted since 
the days of antiquity. In the cur- 
rent philosophy, the highway is not 
merely a structure to permit move- 
ment; it is a productive facility, 
whose output in transportation is 
measurable in both quantity and 
quality. The basic objective is no 
longer to create roads, or even mobil- 
ity, but the safest, fastest and most 
economical transportation possible. 

Through the centuries, and into the 
early period of the automobile, the 
engineering approach to the highway 
problem was almost exclusively 
structural. The advent of the high- 
powered motor car changed all that. 
The functional requirements of the 
new type of traffic swiftly came to the 
fore. There began a progressive shift 
from the static aspects of road design 
to the dynamic factors that bear on 
free-flowing movement. Opportun- 
ities to apply engineering skills broad- 
ened to an undreamed-of degree as the 
volume, speed and composition of 
motor traffic generated a welter of 
complicated new problems. 

Since the major part of our key 
systems of roads and streets were 
built to design standards prevailing 
under the old philosophy, it is not 
surprising that we seem to face a 
perpetual traffic crisis. This is no 
reflection on the technical competence 
or the practical achievements of the 
men who engineered the basic road 
plant. In little more than three dec- 
ades, they accomplished the almost 
superhuman feat of extending our 
surfaced mileage from a few thousand 
miles to over a million and a half. 
Without this engineering conquest of 
sheer distances, the spectacular 
growth of automobile use in the 
United States could never have come 
to pass. 

No one could have foreseen back in 
1920, when the large-scale road pro- 
gram got under way atid when the 
number of motor vehicles in the 
United States was only around 9 
million, that by 1952 the total would 
skyrocket to 52 million. There was 
no indication that the truck, a com- 
parative novelty in the early twenties, 
would become such a vital factor in 
the transportation system that it 
would multiply to today’s 9 million. 
Between 1940 and 1951 alone, truck 
travel increased 165 percent; and of 
this movement, fully 75 percent was 
accounted for by combinations of the 
truck-trailer type, and only 25 per- 
cent by single units. 

The road and street network was 
never designed to accommodate the 
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half-trillion or so miles a year which 
our motor vehicles are now rolling up, 
or to cope with the extremely diversi- 
fied and complex traffic patterns em- 
braced in this astronomical travel 
mileage. 


Basic Problem Is Lack of Capacity 

Critical lack of capacity on rural 
trunklines and urban arterials lies at 
the root of much of our present high- 
way dilemma. This is apparent from 
the fact that 86 percent of all highway 
travel occurs on less than one-fourth 
of our rural road mileage. Half of 
the total annual travel is concentrated 
on city streets, which comprise only 
one-tenth of the road network. The 
latter, of course, explains why vir- 
tually every one of the 168 metro- 
politan areas in the nation has become 
a chronic traffic bottleneck. 

Structurally, the bulk of our older 
roads and streets are still fairly sound. 
Capacity-wise, many of them were 
already obsolete before World War 
Il. A huge backlog of needs was 
piled up during some 15 years of de- 
pression and war, when the facilities 
were not properly maintained, rebuilt 
or expanded. Now, with scarcely a 
breather, our highway agencies are 
faced with inflated costs and shortage 
of materials to carry forward a pro- 
gram commensurate with civilian and 
defense transportation requirements. 

In the cities, the street capacity 
problem is usually aggravated by a 
more or less acute shortage of off- 
street parking space; in rural areas, 
it is compounded by a wide variety of 
design defic.encies. The growing in- 
adequacy of the street and highway 
plant exacts heavy penalties in blood 
and dollars. The 1951 accident toll 
was 37,500 killed and a million and a 
quarter injured. The economic 
waste entailed in these mishaps was 
estimated at $3.5 billion. 

It is believed that over-all losses 
from congestion and parking shortage 
even exceed those of traffic accidents. 
These losses are reflected in rising 
vehicle-operating costs, urban blight, 
depressed realty values, decreased 
city tax revenues and decline of down- 
town business centers. For example, 
a few years ago the Regional Plan 
Association of New York declared 
that traffic delays were costing the 
city’s business men over $300 million 
annually. Before World War II, 
Detroit figured its congestion losses at 
$10 million a year. St. Louis set its 
losses from congestion and accidents 
at $125,000 a day. Boston was said 
to be losing $40 million a year in 
trucking business because of traffic 
conditions. 

In terms of today’s dollars and 


unprecedented travel volumes, cur- 
rent losses are doubtless even more 
staggering. Unfortunately, no broad- 
gage study of the multiple costs of 
congestion has ever been undertaken. 
However, the far-reaching study of 
parking economics recently launched 
by the Highway Research Board, at 
the Universities of Michigan, Ohio, 
California and Washington, should 
shed a great deal of light on losses due 
specifically to insufficient parking. 

The intolerable waste and incon- 
venience caused by traffic inefficien- 
cies have served to focus increasing 
attention on the operational aspects 
both in the design of new facilities and 
in the utilization of existing roads and 
streets. It has become clear that 
highway planning, design and oper- 
ation are integral parts of the total 
engineering problem, and that func- 
tional principles cannot be ignored 
without grave jeopardy of the public 
interest. 

Hence the modern engineering ap- 
proach strives to keep in perspective 
the relation of geometric details to the 
amount, behavior and speeds of the 
traffic the road must carry. We 
know now that the fullest possible 
understanding of the desires and abil- 
ities of drivers, the characteristics of 
their vehicles—and the definite limi 
tations of both—is prerequisite to 
sound coustruction and operation. 


New Frontiers of Fact-Gathering 


To translate this new thinking into 
operational procedures applicable to 
specific traffic requirements obviously 
called for engineering study and tech- 
nical supervision. Thus new fron- 
tiers of scientific fact-gathering were 
operied up, new techniques for the 
collection and analysis of traffic data 
created. With the quantitative and 
qualitative information developed 
through these new methods, it became 
possible not only to determine where 
the traffic goes, but where it wan/s to 
go, and where it will probably go in 
the future. This type of data has be 
come the core of long-range highway 
planning The origin-and-destina 
tion study, in particular, has proved 


invaluable for determining present 
traffic patterns and future trends 
(Fig. 1). 


Volume studies turn the spotlight 
on the size and composition of the 
traffic stream, the types of vehicles 
and vehicle loadings, the numbers of 
pedestrians, and the periods of mini 
mum and maximum flow. As a re- 
sult of accident studies, it became 
clear that accidents are symptoms of 
inefficient transportation, and not the 
inevitable tell of motor-vehicle use. 
By establishing the locations, times, 
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circumstances, conditions and actions 
that contribute to mishaps, the find- 
ings aid at getting at the root causes. 
Similarly, time and delay studies 
probe into the factors that contribute 
to traffic disorders and interruptions, 
which not only fray the nerves of the 
motoring public but hit its pocket- 
book by causing time losses and 
increased vehicle-operating costs. 


Parking studies measure the demand 
of storage space both on and off the 
street, and the availability of parking 
areas in relation to principal destina- 
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Application of one-way street principle 
in Detroit brings order into heavy traffic. 


tion points of vehicle trips. Research 
in recent years has also developed a 
variety of new parking equipment and 
structures, including meters and 
mechanical garages. 
Dollars-and-Cents Implications 

One important result of this diver- 
sified fact-finding is that gradually the 
public is being brought to understand 
the dollars-and-cents implications of 
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HOW TRAFFIC MOVES INTO URBAN AREAS 


Proportions of traffic approaching cities of various population groups which 
are bound beyond the city, to the city, and to the central business district 
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FIG. 1. 


in determining present 


bad traffic conditions Cherefore, in 
addition to their other values, traffic 
studies have become a vital means of 
securing public support for essential 
improvements 

The era of comprehensive traffic 
research was ushered in when pro 
gressive highway administrators de 
cided that the trial-and-error methods 
and expedients of the past would 
never provide solutions for the com 
plex problems of motorized move 
ment. In the early twenties a few 
states, notably Ohio, and several 
large cities, including Chicago, Pitts 
burgh and Seattle, began to assign 
engineers to the collection and analy- 
sis of traffic facts on a full-time basis. 


The U. S. Public Roads Administra- 
tion (now the Bureau of Public 
Roads) initiated a series of funda 


mental traffic studies about the same 
tine, and several universities under 
took similar research. In 1936 the 
state planning surveys, conducted 
jointly by the states and Public 
Roads on a continuing basis, began 
building up a vast reservoir of valu 
able transportation knowledge. 


Origin and destination studies have proved invaluable 
traffic patterns and future 


trends. 


The technical studies brought to 
the surface many of the underlying 
weaknesses in the highway transpor 
tation system, formerly either over 
looked or misinterpreted. For in 
stance, it had been commonly be- 
lieved that the great bulk of traffic 
approaching on main rural roads 
wants to avoid cities. Origin-and- 
destination surveys emphatically dis- 
proved this, and showed that at 
tempts to relieve urban street con 
gestion by routing around medium 
and large-sized cities were by no 
means the complete answer. It had 
been assumed, also, that most of the 
traffic that enters cities was headed 
for the central business district. 
Studies revealed that up to 50 percent 
of the downtown volumes are merely 
passing through, for lack of more 
direct distribution routes (Fig. 1) 

Formerly municipal officials looked 
upon street widening as a sort of cure 
all for street congestion. Research 
brought out that the real bottleneck 
is the intersection, and that merely 
broadening a thoroughfare did not 
correct the basic cause of jamming. 





Moreover, it was indicated that cities 
which spent substantial sums in wid- 
ening major streets could have ob- 
tained the same or even better results 
by eliminating the space waste and 
traffic disorders due to indiscriminate 
parking at the curb. 

In searching for reasons for the 
preponderance of night-time acci- 
dents, it became apparent that many 
street lighting systems had been de- 
signed with too much emphasis on 
beautification and too little on safety. 
Most of the illumination, instead of 
being directed onto the pavement, 
was being thrown into the air. 

New findings revised old theories 
about the relation of speed to acci- 
dents. Setting of arbitrary limits, 
usually without engineering deter- 
mination, was having no perceptible 
effect on the accident curve. Speed 
in keeping with conditions, rather 
than a general slow-down of motor 
vehicles, became a more realistic ob 
jective of control—especially since in 
the public mind the velocity of the 
automobile is one of its prime assets 

Similarly it became clear that mis 
use of traffic control devices and other 
regulatory measures was not only 
widespread, but was adding materi 
ally to the traffic confusion. It be 
gan to be recognized that a badly 
timed signal light or a poorly placed 
traffic sign can do more harm than 
good; or for instance, that because of 
unsound routing, the place where 
transit vehicles must make a turn can 
become the focal point of a perennial 
traffic snarl. 

In short, the cardinal lesson taught 
by the factual studies was that effi 
cient traffic operations are impossible 
without the guidance of tested engi 
neering principles. 

Up to that time, the handling of 
such operational tasks as were then 
being performed was regarded as a 
phase of enforcement. Historically 
the job had been delegated to the po 
lice as just another chore in connec 
tion with keeping order on _ the 
streets. When the swelling tide of 


Overhead signals on New Jersey approach to Holland Tunnel leading to New York City 


permit separate control of each lane. so that heaviest traffic can have additional lanes. 
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motor vebicles began to swamp police 
efforts to improve chaotic traffic con- 
ditions, it became obvious that regu- 
latory measures were not enough. 

In the past it had been believed that 
the only alternative was resort to 
capital improvements like street 
widening or other major construction. 
Since cities particularly are as a rule 
hard pressed for highway funds, the 
prospect for early traffic relief was 
none too encouraging. The activ- 
ities of the small group of men who 
were pioneering in the application of 
engineering techniques to traffic prob- 
lems in different parts of the country 
drew public attention to a new alter- 
native. Through careful technical 
analysis of specific traffic difficulties, 
followed by scientific treatment em- 
bracing a variety of traffic aids, these 
individuals were demonstrating that 
a simple and economical remedy could 
often serve almost as well as an exten- 
sive redesign job or a new roadway. 

Gradually it came to be realized 
that practical solutions must come 
largely through the positive re- 
sources of engineering. The next 
logical step was to give formal recog- 
nition to the fact that traffic operation 
is properly one of the important tech- 
nical functions of state and municipal 
government. 

To insure continuity for an effec- 
tive program of research and oper- 
ations, some state highway depart- 
ments initiated special units within 
their organizational structure. In 
certain cases the traffic engineering 
functions were integrated with the 
maintenance division, in others with 
the planning survey. The units which 
proved most successful, however, 
were those set up as an independent 
division having both study and oper- 
ational responsibilities. Progressive 
cities, too, began to adjust their 
street management structure to give 
full scope and continuity to traffic 
engineering activities. 

By 1946, most of the states had 
established traffic engineering di- 
visions. A survey conducted by the 
Eno Foundation sbowed that in only 
four states were these functions still 
handled by the highway police, and in 
four others by maintenance engineers. 

The sampling of cities revealed 
that all those of over 500,000 popula- 
tion, and 67 percent in the 100,000- 
500,000 group, had traffic engineer- 
ing units. The ratio in the smaller 
cities was 48 percent in the 100,000- 
200,000 group, and only 32 percent in 
the 50,000-100,000 group. In most 
of the communities which reportedno 
traffic engineering agency, the func- 
tions were under police jurisdiction, or 
shared with the engineering division 


or electrical bureau. In a few in- 
stances, the responsibilities were 
handled by the department of public 
works or safety. 

The emergence of traffic engineer- 
ing as a specialized field of highway 
engineering created a growing need 
for trained technicians to give full 
time to operational aspects and re- 
lated problems of planning and de- 
sign. In 1926, with financial aid pro- 
vided by Paul G. Hoffman and other 
leaders of the automotive industry, a 
national center for traffic engineering 
research and training was established 
at Harvard University. In 1938 the 
program was transferred to the Yale 
Bureau of Highway Traffic, with ex- 
panded support of industry groups 
channeled through the Automotive 
Safety Foundation. To date, nearly 
300 engineers have received graduate 
training under this program, and 
hundreds of others have received 
short-course instruction at numerous 
other universities. Today, the para- 
mount need is for more rapid integra- 
tion of basic operational principles in- 
to highway engineering courses given 
at all engineering schools. 

Just as a hundred years ago civil 
engineers found it desirable to form 
the American Society of Civil Engi- 
neers, for the interchange of informa- 
tion and the advancement of their pro- 
fessional field, so did the practitioners 
in the fledgling field of traffic engineer- 
ing find it advantageous to band 
together as the Institute of Traffic 
Engineers in 1930. This compara- 
tively new technical society, with 
headquarters at Yale University, 
functions as a central agency for 
correlating and disseminating factual 
information and techniques developed 
by members of the profession and for 
the development of operational and 
administrative standards. 

The duties of the traffic engineer 
have vastly enlarged during the past 
quarter century. In the early days 
his job began only after the planners 





and builders had finished their work, 
and then he devoted virtually all of 
his research to traffic control and acci- 
dent reduction. Operationally, most 
of his efforts were devoted to putting 
up traffic signs and stop lights and 
installing pavement markings where 
accidents and congestion indicated 
some physical deficiency. 

In the state highway department, 
responsibilities of a division of traffic 
engineering now include the gathering 
of essential traffic facts, including 
accident analysis; the review of high- 
way design to insure proper geometric 
detail; installation of warning and 
directional signs and route markers; 
installation of signals at high-volume 
intersections; and marking of center- 
lines and no-passing zones. Also 
within the scope of the state traffic 
engineer is the determination of speed 
zones and control of roadside exits. 

In addition, the state traffic engi- 
neering division frequently provides 
consulting service to cities and 
counties within the state, and con- 
ducts urban origin-and-destination 
surveys and studies of parking de- 
mand. Traffic engineers have played a 
prominent part in statewide engineer- 
ing studies of highway need in some 
25 states. 


Urban Problems Insistent 


But the greatest vineyard for the 
traffic engineer’s labors is in the cities. 
Fifty years ago three out of five 
Americans lived in rural areas; today 
it is just the reverse, with more than 
three-fifths of the population located 
in urban communities. Over 80 per- 
cent of the nation’s population gain 
in the past decade occurred in our 
metropolitan areas. This growing 
concentration of people, and their in- 
creasing dependence on the motor car 
in their daily pursuits, is one obvious 
reason for the worsening traffic plight 
of our cities. 

It has been 
much exaggeration 


said—-without too 
that our cities 


Signs clustered as at left, below, are impossible to read at normal speeds, in contrast to simple 


signs, below right. 


Typical example at left, intersection of U. S. 206 and U. S. 130 in New 


Jersey, indicates need for drastic revision in sign-marking procedures on rural highways. 
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have been trying to make eighteenth 
century streets serve twentieth cen- 
tury traffic. The gridiron street 
pattern common to most of our com- 
munities, with its characteristic fre- 
quency of intersections, was never 
ideal even for horse-drawn traffic, let 
alone today’s tremendous volumes of 
high-powered motor vehicles. Add 
to this fundamental handicap the 
acute shortage of off-street parking 
and truck-loading space, and it is easy 
to see why unsnarling the city’s traffic 
jam is a monumental challenge. 
Pedestrian conflicts, cross-traffic and 
turning movements, curb-parking 
maneuvers, and the mixing of private, 
commercial and transit vehicles make 
congestion and accidents almest in- 
evitable. 

In this situation, it becomes imper- 
ative to make a realistic appraisal of 
the existing street plant to determine 
whether or not it is being used to max- 
imum advantage, and if not, how the 
full service potential of the facilities 
can be obtained. In cases where 
main urban arteries are taxed beyond 
their absolute capacity, the only solu- 
tion is expressway construction or 
other capital improvements. But we 
know that, by and large, the present 
street system will have to continue to 
serve for a long time to come. This 
leaves no alternative but to find ways 
and means to reduce physical hazards 
and utilize available riding surface to 
the utmost. 


Partial model of push-button automatic 
garage developed by Automatic Storage 
Corp. of Detroit, shows how cars move in 
cages up and down in double elevator shaft 
and across top and bottom. Initial structure 
to be built in Detroit will park 100 cars on 10 


floors. 



























The recognized procedures of traffic 
engineering can be used to correct an 
amazing number of weaknesses in the 
street plant. Not only are these 
measures, for the most part, relatively 
inexpensive, but many of them re- 
sult in benefits which are both imme- 
diate and lasting. Some of the tech- 
niques have been newly developed; 
others are adaptations or refinements 
of practices that pre-date the auto- 
mobile, and in some instances go back 
to ancient times. 

For instance, safety islands for 
pedestrians were already common on 
the streets of London and Paris in the 
1860's. Road markers were used 
abroad for many centuries, and in 
America from Colonial days. Our 
frontiersmen blazed trees or bent sap- 
lings to mark their trails, and ancient 
peoples often piled up stones as trail 
markers. At the time the “horseless 
carriage’ first became popular in the 
United States, state route numbers 
were often painted on convenient 
barns, bridge railings and telephone 
poles. 

Because the streets of Imperial 
Rome were narrow and congested, the 
Caesars established the first one-way 
movement in recorded history. Park- 
ing restrictions go back almost as far, 
as evidenced by a law in old Pompeii 
which forbade chariots to stop on the 
road for loading. In England, regu- 
lations of 1660 vintage prohibited 
the parking of hackney coaches on the 
King’s Highway. Albany, N. Y., 
passed an ordinance in 1697 to limit 
the speed of horse-drawn vehicles and 
horseback riders. While the first 
traffic survey in this country——a study 
made in New York to determine cus- 
tomary curb parking distances of 
motor vehicles—was conducted as 
early as 1910, the origin-and-destina- 
tion study is a relatively recent 
development. 

At any rate, numerous cities have 
substantially increased their street 
capacity, opened up critical bottle- 
necks, eliminated recurrent traffic dis- 
ders, and reduced their accident 
rate by carrying forward an intelli- 
gent and up-to-date program of oper- 
ational measures. 

Chicago offers a classic example of 
beneficial traffic engineering treat- 
ment. As early as the twenties, con- 
gestion reached intolerable propor- 
tions on State Street, in the Loop 
District. A threefold program was 
put in operation: curb parking was 
banned, left turns were prohibited, 
and signal lights were coordinated to 
keep traffic moving. The combina- 
tion of these steps brought prompt re- 
lief, but more than this, the street has 
remained comparatively uncongested 





ever since, despite heavy increases in 
traffic. 

Detroit's Grand River Boulevard, 
one of the nation’s busiest streets, 
carrying upwards of 60,000 vehicles 
daily, formerly suffered from _per- 
ennial clogging and an inordinately 
high accident rate. Frequency of 
left turns rendered the two inner 
lanes of the six-lane pavement vir- 
tually useless as carriers of arterial 
traffic to and from the city. Prohi- 
bition of left turns throughout the 14- 
mile length of the thoroughfare, off- 
center lane usage during peak periods, 
a modern progressive signal control 
system, and banning of curb parking 
between certain hours, have served to 
achieve maximum capacity. Run- 
ning time has been cut by nearly 12 
minutes and accidents have been ma- 
terially reduced. 

Extensive use of the principle of un- 
balanced lane flow has made it pos- 
sible for Los Angeles to carry fantastic 
volumes of traffic into and out of the 
central business area on existing 
streets. Currently, with the com- 
pletion of the freeway system into the 
downtown section, a one-way plan is 
being worked out so that the antici- 
pated high-density traffic can be col- 
lected and distributed with ease and 
dispatch. 

Failure to make more use of oper- 
ational techniques in many cities is 
ascribable to official failure to under- 
stand the importance of street trans- 
portation or the magnitude of the 
losses engendered by bad traffic con- 
ditions. Most cities spend only a 
fraction as much on traffic-accident 
prevention as on fire protection. Yet 
in monetary terms—as well as in total 
lives lost annually—traffic accidents 
are a vastly greater menace. 

About 1938 Toledo, Ohio, released 
a report which indicated that one 
year's traffic accident losses amounted 
to $1,022,325, as compared with fire 
losses totaling $311,802—a ratio of 
three to one. Nevertheless during 
that same year, according to the re- 
port, for each dollar of traffic-accident 
loss, only 34 cents was expended for 
traffic control and betterment serv- 
ices, while two dollars was allotted 
to the fire department for each dollar 
of actual fire loss. 

Another factor which  militates 
against an effective attack on the 
traffic problem in many cities is weak- 
ness in administration. Manifestly, 
relieving our strangling communities 
through freer circulation—in the face 
of antiquated streets and _ record 
breaking travel volumes—poses 4 
supreme test of sound management. 
In the majority of cases, however, 
the organizational structure for ad- 
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Difficult traftic conditions result from expansion of industrial facili- 
ties without comparable development of street and parking facilities. 


ministering the facilities is as seri- 
ously deficient as the street plant 
itself. Scattered responsibilities, split 
authority and scrambled organiza 
tion seem to be the earmarks of this 
vital phase of public administration. 

In the case of the older municipal 
services, such as water supply, welfare 
and public works, unity of the manage- 
rial structure and centralized author 
ity are provided for in the city char- 
ter. Few cities have given charter 
recognition to street and traffic ad 
ministration as a major municipal 
function, with the attention and 
stature accorded to the long-estab 
lished departments. 

Instead, responsibilities in this area 
have been parceled out, as occasion 
arose, among existing city agencies. 
Such diffusion naturally results in 
divided powers, duplicated effort, 
conflicts, and other inefficiencies. 
Desirable physical improvements, 
even those of a minor character, may 
get hung up indefinitely as the pro 
posed project is shuttled back and 
forth from one municipal agency to 
another. Moreover, proper correla- 
tion of physical imprevements and 
traffic operations becomes a virtual 
impossibility 

An all-too-common result of this 
glaring administrative weakness is the 
failure to make a specific agency re- 
sponsible for the development, design 
and programming of a master street 
plan. Without a master plan—and 
the authority to carry it forward—it 
is hard to budget expenditures pru- 
dently for even individual projects, 
not to mention a comprehensive 
Street program. 

Traffic is a decisive factor with re- 
spect to locations and mutual rela- 
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Minor physical improvement of relatively unused section of wide ine 
tersection in Washington, D.C., provides for loading of mass transit. 
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Great improvement was realized at corner on Sheridan Road, Chicago, by throw- 
ing lane use off-balance under peak traffic conditions. 
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tions of the various community activ- 
ities. The master plan, therefore, 
can exert a powerful influence in de- 
fining neighborhoods, stabilizing land 
values, integrating the different 
modes of transportation, controlling 
abnormal decentralization, and recti- 
fying the jumbled land uses which 
have generated so many of the head- 
aches of the average city. 

Lack of a centralized street and 
traffic agency also makes it difficult 
for the city to carry on effective 
liaison in highway matters with other 
jurisdictions. That is an important 
consideration, since modernization 
of arterial routes often demands co- 
operation of other levels of govern- 
ment—county, state, and federal. 
The present setup of most municipal 
street agencies provides no focal 
point for effective inter-governmental 
relations, which of course are essential 
not only in planning of facilities, but 
in joint financing, acquisition of 
rights-of-way and contract letting. 

The rapid growth of suburban 
sections in recent years emphasizes 
the necessity of the area-wide ap- 
proach in municipal thinking and 
planning, whether the objective be 
improved transportation or some 
other sphere of civic interest. To 
preserve the economic health of 
parent cities and foster sound devel- 
opment of the fringe communities will 
require the utmost in harmonious ad 


justment of transportation, land use 
zoning, traffic laws and controls, 
and administration. 

An encouraging sign is the recent 
action taken by a few larger cities, 
notably Detroit and Philadelphia, in 
consolidating some of the basic func- 
tions of street and traffic management. 
Because of the vital importance to 
every city’s economy, street trans- 
portation deserves major attention, 
and this can best be achieved through 
integration in a single department of 
those functions pertaining to the plan- 
ning, construction, maintenance, and 
operation of the street system. It 
appears certain that in the future 
more and more cities will assign these 
functions to one agency and insure 
continuity by giving it charter status. 


Accelerated Effort Foreseen 


Looking ahead, the spacious mod- 
ern motorways that have begun to 
make their appearance in a few of our 
leading cities will some day be part of 
expressway networks that will lace 
broad metropolitan areas. By the 
same token, we can expect that the 
sheer volumes of motor traffic will 
give impetus to an accelerated effort 
in making better use of existing 
facilities. 

This will involve more productive 
methods of lane usage and reversal of 
the direction of traffic during peak 
periods by signal control. Instead of 


Chart superimposed on map of Tulsa, Okla., shows how traffic facts, collected through 
origin-and-destination studies, serve to guide planning of travel facilities. 
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lane efficiencies of only 20 and 30 per- 
cent, as now developed on many of 
our urban arteries, service approach 
ing the high efficiency ratio on ex- 
pressway lanes will be sought and 
probably obtained. 

Surface arterial streets will be con- 
verted to semi-limited access facilities 
by closing minor cross-streets and 
controlling turns at major inter- 
sections. Progressive signal timing, 
giving preferential treatment to the 
direction of principal traffic flow at 
different times of the day, will also be 
employed far more than at present. 

Modern signal-control methods will 
be a ‘“‘must,”’ and electronic devices 
may be used to change signal cycles 
several times during the day to ac 
commodate shifting patterns of traffic 
movement. Even radar or modified 
television may be adapted for use at 
strategic points to advise a central 
dispatching office of unusual traffic 
tie-ups, so that emergency measures 
ran be taken promptly. 

Parking on the street will disap 
pear, and off-street parking structures 
will sprout plentifully in the down 
town sections. Mechanical garages 
will be commonplace; devices for 
parking vehicles will become just as 
much a part of business facilities as 
the elevator and the escalator. 

In rural areas, spot treatment will 
provide extra lanes on steep grades 
for commercial vehicles. Roadside 
controls will be much more extensive, 
and signing will be modernized for 
greater visibility and convenience. 

We are, without question, on the 
threshold of a transportation era 
when automotive travel will exceed 
anything previously visualized. Our 
present traffic volumes have already 
outrun the volumes predicted for 
1960. In terms of number of motor 
vehicles, we are ten years ahead; in 
terms of roads and streets, we are at 
least ten years behind. We cannot 
afford to lose sight of this fact, since 
the highway system is the backbone 
of our civilian economy and our 
national defense. This is a great 
challenge to all citizens. To the 
engineer, it is both a challenge and a 
tremendous opportunity. For to 
serve the nation adequately in the 
critical years ahead, highway trans 
portation must be made safer and 
more efficient than ever before. And 
the only way to do that is to put 
highway transportation on a sound 
engineering basis. 


(This article was prepared from the paper 
by the author presented at the Highway Divi 
ston session presided over by Wm. N. Carey, 
Jr., Secretary of the Division’s Executive 
Committee, at the Centennial Convention in 
Chicago. ) 
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Our expanding cities 


LAWRENCE V. SHERIDAN, M. ASCE 
Planning Consultant, Indianapolis, ind. 





demand good planning 


The expansion area beyond the cor- 
porate limits of cities is the arena 
where haphazard growth and planned 
orderly development constantly con- 
flict. In this arena the future con- 
venience, economy, attractiveness, 
safety, and welfare of the expanded 
community will be determined. The 
best possible master plan is essential 
to insure development based on sound 
principles of growth rather than ran- 
dom expansion. Both the strategy 
concerned with the promotion of the 
kind of community which is desired 
and the tactics whereby the desired 
objectives can be attained are es- 
sential elements in the planning 
leadership of the expanding city. 

In the days of short-range trans- 
portation by horse-drawn vehicles, 
supplemented in only the larger cities 
by suburban rail service, boundaries 
were expanded gradually, but in the 
era of electric interurban service, 
preceded by the extension of street 
railways, development became more 
widespread. Automobiles and ex- 
tended municipal bus routes trans- 
formed the expansion area into an 
arena of great depth into which have 
been thrust many scattered develop- 
ments often loosely connected by 
thoroughfares, utilities, and services. 
Thus, strategy and tactics have been 
altered through the years and far 
greater understanding of both the 
possibilities and the probabilities of 
the expansion area is essential if 
planners are to direct the growth of 
the city over the area. 

Formerly the probable areas of 
expansion could be predicted with 
confidence but, with modern trans- 
portation, developments are likely to 
occur at points quite distant from the 
city boundaries and in various di- 
rections. This situation indicates the 
desirability of a more widespread basic 
plan designed to provide a guide for 
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development in any outlying district. 
(See the master plan for Lebanon, 
Ind., and its jurisdictional area, fol- 
lowing page). 

The states have recognized the need 
for such a far-reaching comprehensive 
plan by authorizing cities to prepare 
master plans extending varying dis- 
tances beyond the city limits. Some 
states have permitted counties to 
draw up plans for the development of 
areas beyond the city limits, and a 
few have appointed regional or metro- 
politan planning commissions to coop- 
erate in the development of plans. 
However, the greatest responsibility 
for planning the expansion of the city 
devolves upon the city itself. 

Concurrently with the determina 
tion of the probable extent of the ex 
pansion area, it is essential to consider 
the limitations that may be imposed 
on growth due to lack of available 
water supply. In many cities indus- 
trial growth is virtually impossible 
because dependable water supply in 
adequate quantity is not available 
either from ground sources or by 
storage. Other types of utilities can 
be provided, but water is a basic 
natural resource and the building up 
of an adequate supply involves, in 
itself, a high degree of planning. 

Modern trends of growth are 
evident throughout the nation and do 
not vary greatly with geography. 
Trends in the expansion areas of 
cities include the following: 


Residential 


Larger suburban properties 

One-story residences on large lots 

Grouping of apartments with spacious 
grounds in suburban areas 

Planned groups of small homes on reason- 
ably large lots 

New town and community developments, 
including complete neighborhoods 


1952 


Commercial 


Grouping of stores in neighborhood and 
community shopping centers 

Provision of adequate off-street parking 
facilities 

Attractive architectural and landscape 
design of shopping centers 

Planning of shopping centers as integral 
parts of neighborhoods 


Industrial 


Decentralization of industry into smaller 
units in medium-sized cities 

Location of new industries on suburban 
sites and in restricted industrial sub- 
divisions 

Location of industrial buildings on large 
areas with adequate off-street parking 
facilities and loading and unloading 
provisions 

Use of one-story structures to facilitate 
assembly-line operation 

Greater attention to architecture of struc- 
tures and landscape treatment of 
grounds 

Recognition of advisability of preserving 
industrial districts as essential parts of 
the community 

Increased use of highway transport, per- 
mitting more widespread location of 
industrial districts 


As a prerequisite to planning it ts 
essential to know the type of land use 
likely to be required in order to con- 
form to the recognized trends in a 
particular city. Public acceptance of 
the master plan for the expansion 
area and its consequent use as a guide 
for development will depend to a 
large extent on whether or not it is 
logical. The public generally real- 
izes consciously or subconsciously, 
why the city is the kind of city that it 
is—whether it is primarily industrial, 
residential, commercial, or a combina- 
tion of these elements. The plan 
must recognize the probable oppor- 
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tunities for the economic expansion 
of the city, estimate the space require- 
ments for various types of develop- 
ment, and provide a generous factor 
of safety, particularly for industrial 
land areas. 

The specific characteristics of ex- 
pansion areas vary with respect to 
topography, highway patterns, lo- 
cations of railroads and waterways, 
public and private ownership of land, 
and in other ways. The size of the 
expansion area varies in proportion to 
the size of the city, but only rarely 
should the area be less then one mile 
deep and generally it should be two 
miles or more. In large cities the ex- 
pansion area may be several miles 
deep, and where several cities are in- 
volved, such as in the Calumet Region 
of Indiana, New York City, and else- 
where, the area may involve whole 
counties. 


Land Unsuitable for Development 


The first step in formulating the 
plan is the determination of the 
boundaries of land unsuitable for 
development. Unsuitable land in- 
cludes deep ravines or canyons, 
natural slopes too steep for structural 
use, flood plains subject to overflow, 
low areas which are uneconomical to 
drain, or areas inaccessible by high- 
way except at high cost. Unavail- 
able areas such as municipal, county, 
or state parks or forests, public in- 
stitutions with extensive land areas, 
permanent airports, and areas already 
committed to development should 
also be ascertained. In coastal cities 
extensive tidelands frequently must 
be classified as unsuitable. 

In many cities the land is com- 
paratively level in all directions and 
there are no natural barriers to ex- 
pansion. In most cities there is 
enough unsuitable land to create a 
pattern of neighborhoods or commu- 
nities bordered by more or less per- 
manent green belts. Although areas 
that are too rough, subject to floods, 
or otherwise unsuitable for structural 
development are not subject to de- 
tailed planning, they are frequently 
ideally suited to recreational use and in 
that respect become an important 
element of the master plan for the 
expansion area. 


Industrial Zoning 


After the overall topographic pat- 
tern of the expansion area has been 
determined, the next step, in normal 
cities, is to decide on the location and 
extent of industrial land. The Na- 
tional Industrial Zoning Committee 
(composed of representatives of 
ASCE, the American Industrial De- 
velopment Council, American  In- 
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stitute of Planners, American Rail- 
way Development Association, As- 
sociation of State Planning and De- 
velopment Agencies, and Society of 
Industrial Realtors) has presented 
the following twelve principles of in- 
dustrial zoning: 


1. A certain amount of industrial de- 
velopment is required to produce a sound 
economy. 

2. Zoning controls are basic tools in re- 
serving space for industry, guiding indus- 
trial location into a desirable pattern, and 
providing the related facilities and areas 
needed for a convenient and balanced 
economy, 

3. Industrial use is a legitimate land 
use possessing an integrity comparable to 
that of other classes of land use established 
under zoning and is entitled to protection 
against encroachment. 

4. Through proper zoning, industrial and 
residential areas can be good neighbors 

5. Industry will continue to grow and 
most industries will require larger areas in 
the future. 

6. Industry should be reclassified in 
accordance with modern manufacturing 
processes and prevailing policies of plant 
construction so as to determine the desir- 
ability or lack of desirability for inclusion in 
a given area 

7. The industrial potentialities of lands 
bearing a favorable relationship to trans- 
portation should be recognized in the zoning 
process 

8. Industrial zoning and highway plan 
ning should go hand in hand 

9. Special consideration should be given 
to street layout in industrial areas 

10. Zoning ordinances should be _ per- 
missive rather than prohibitive 

11. A good zoning ordinance should be 
sufficiently definite to convey to a landowner 
a clear concept of what he can do with his 
land 

12. Industrial zoning can be most ef- 
fective when considered on a metropolitan 
basis 


It is clear that the guiding plan 
for the expansion area should pro- 
vide plenty of well-located industrial 
area. Railroads, waterways, high- 
ways, and to some extent air trans- 
port facilities, existing or contem- 
plated, have a direct bearing on the 
location of industrial areas. 

After the amount of land unsuit- 
able or unavailable for structural 
development and the extent of in- 
dustrial areas have been determined, 
a residue remains which is potentially 
suited for eventual development into 
residential communities and neigh- 
borhoods. 


Importance of Thoroughfares 


The pattern for neighborhoods will 
be established by the arrangement of 
major thoroughfares, which form the 
structural framework on which the 


plan and the eventual development 
of the expansion area are based. Al- 
though basically the major thorough- 
fares are planned to carry the bulk of 
traffic for the future community, 
their location may actually be deter- 
mined by existing roads and state 
highways. Other thoroughfares will 
generally be laid out along section 
or half-section lines where the land 
was originally surveyed in sections, 
and at intervals of one-half mile or 
thereabouts in other regions. All 
thoroughfares should be as directly 
aligned as possible but curved where 
necessary to fit topography and to 
secure favorable grades. They should 
pass around rather than through 
neighborhoods in order to promote 
both the expeditious movement of 
traffic and safety within the neigh- 
borhood. Major streets should bor- 
der industrial districts to promote 
freedom of development within the 
industrial district. The thorough- 
fare plan should be coordinated with 
expressway, superhighway, or inter- 
regional highway plans within the 
central city, and intercity require- 
ments should also be considered. 

Bypass or belt thoroughfares will 
be located as required in the expan- 
sion area. Nearly every community 
benefits from a circumurban highway 
intersecting all approach routes into 
the city, whereby both local and 
through traffic may avoid the con- 
gestion of concentrated areas. Belt 
highways and other bypasses may be 
coordinated with parkway develop- 
ments along stream courses or areas 
determined to be unsuitable for struc- 
tural development. Widths of right- 
of-way for major thoroughfares 
should be adequate to provide the 
maximum anticipated traffic capacity 
although development of roadways 
may take place in stages. Finally, 
the pattern of major thoroughfares 
established in the master plan should 
agree reasonably closely with the 
final locations for both alignment and 
right-of-way widths in order that the 
planning of neighborhoods may pro- 
ceed with confidence. 


Neighborhood Plan 


Neighborhoods formed by the ma- 
jor thoroughfares will be occupied 
gradually as the city expands. As 
each neighborhood is developed, the 
broad conflict between the forces of 
haphazard growth and those of 
planned orderly development con- 
stantly occurring in the expansion 
area breaks down into hand-to-hand 
or, in this case, acre-to-acre engage- 


ments. Piecemeal action in the 
planning of the neighborhood is 
generally disastrous, inconvenient, 
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uneconomic, and unattractive. The 
creation of successful neighborhoods 
can be assured only by a coordinated 
planning effort for the entire area. 

Technical guidance in neighbor- 
hood design goes beyond actual site 
plans into the field of coordination 
convincing owners and developers 
of property that pooling their in- 
terests in the adoption of an overall 
plan for the neighborhood not only 
will result in a finer community but 
will be of economic value to each 
party. 

The principles underlying the crea- 
tion of desirable neighborhoods are 
well understood. It is generally 
agreed that people desire pleasant, 
safe, healthful, convenient, and at- 
tractive places in which to live, and 
the neighborhood therefore requires 
the following fundamentals: 


|. Building lots with adequate yards 
and open spaces. 

2. Dwellings of sound construction with 
modern facilities. 

3. Zoning and deed restrictions to pro- 
tect the character of the neighborhood. 

4. Major thoroughfares providing con- 
venient access to places of work, commercial 
centers, and other neighborhoods, but bor- 
dering rather than passing through the 
neighborhood. 

5. Neighborhood streets conveniently 
serving the area, discouraging heavy, speedy 
and unsafe traffic, and so adjusted to the 
land as to produce superior building sites 
and to create favorable grades on streets. 

6. A grade school within one-half mile 
and a junior high school within one mile of 
all residents accessible with maximum free- 
dom from traffic hazards, and a senior high 
school accessible by thoroughfares. 

7. Playgrounds—with minimum areas of 
10 acres adjacent to grade schools, with 
minimum areas of 5 acres for small children 
within the neighborhood, and with mini- 
mum areas of 25 acres near the junior high 
schools. 

8. An athletic field conveniently close 
to the senior high school. 

9. A park with a minimum area of 
twenty acres within one mile of the neigh- 
borhood. 

10. A community center for indoor 
recreation and cultural activities, within 
one mile of the neighborhood, which could 
be combined with the neighborhood park or 
school facilities. 

11. Larger parks or reservations with 
many types of recreational facilities nearby. 

12. Acommunity shopping center within 
one mile, providing a wide range of stores 
and adequate off-street parking facilities, 
planned as an architectural unit with appro- 
priate landscape development and with 
stores grouped rather than strung out along 
the streets. 

13. Convenience stores conforming to 
community shopping-center standards with- 
in one-quarter mile of all residents 

14. Freedom from deteriorating features, 
such as obsolescent or substandard housing, 
intrusion of misplaced commercial or indus- 
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trial structures, and lack of storm drainage 
or flood protection or sanitary facilities, and 
freedom from the nuisances of smoke, gas, 
odors, noise, and other noxious features. 


Whereas the major thoroughfare 
plan is a rigid plan because the rather 
exact location of future major streets 
must be determined far in advance, 
the neighborhood pattern is flexible 
as long as it does not violate sound 
principles. Developers may have 
varying ideas as to how the neighbor- 
hood should be planned. and in- 
dividual initiative should be given 
full sway. The aim of the planner’s 
technical guidance is to point out 
clearly various principles and methods 
by which good neighborhood designs 
can be accomplished and to bring 
about the necessary coordination of 
effort. The planning authority 
charged with the responsibility for 
technical guidance should make a 
thorough study of the expansion area 
and prepare a neighborhood develop- 
ment plan that provides both a street 
pattern suitable to the terrain and a 
unified layout for each future neigh- 
borhood unit. 

The neighborhood development 
plan should also indicate general 
locations for schools, parks, play 
grounds, shopping centers, and other 
facilities. To assist developers, it 
may appropriately include examples 
of successful designs of streets, hous- 
ing, schools, parks, playgrounds, 
shopping centers, street signs, and 
various appurtenances, supplemented 
by cost and economic data to prove 
the value of certain designs. If based 
on accurate topographic maps or 
aerial photographs used with a stereo- 
scopic viewer, the neighborhood plan 
will prove to be very accurate and 
thus more valuable as a guide. 


Master Plan for Area 


As a final step, the master plan for 
the entire expansion area attempts to 
stimulate the imagination and initia- 
tive of property owners and develop- 
ers so that coordination and the 
creation of better neighborhood plans 
may result. Each phase of the mas- 
ter plan should acquire validity and 
force by official adoption. 

Most states have authorized cities 
to prepare plans for their own ex- 
pansion areas. These plans generally 
are the work of the city plan commis- 
sion, subjected to public hearings and 
discussions, and finally adopted by 
ordinance of the city council or 
governing body. 


Master Plan in Four Parts 


The master plan would normally 
consist of four parts: 
1. A land-use or zoning plan des- 
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ignating areas for residential, com- 
mercial, and industrial use, providing 
for the regulation of density of pop- 
ulation and intensity of land use, and 
assuring adequate flexibility to meet 
future conditions through a board of 
appeals or adjustment and by amend 
ment of the zoning ordinance. 

(Legal machinery for the adoption 
of zoning covering the expansion area 
by the central cities is lacking in most 
states. In Indiana, cities are exer- 
cising this function, and in Kentucky 
the fiscal courts of the counties may 
adopt zoning in cooperation with the 
city involved. In_ some _ states 
counties or townships may enact 
zoning ordinances covering expansion 
areas. Where there is no legal author 
ity for the official adoption of zoning 
in the expansion area, planning com 
missions may prepare land-use plans 
to serve as guides and through per 
suasion and the utilization of sub 
division control may go far toward 
attainment of the land-use objective.) 

2. The major thoroughfare plan 
designating the location and width of 
thoroughfares, existing and proposed, 
throughout the expansion area. 

3. The neighborhood develop 
ment plan showing designs for neigh 
borhoods in the expansion area, ap 
propriate to the terrain, and illustrat 
ing the application of sound principles 
of design. 

4. Regulations setting up stand 
ards for the design of subdivisions and 
their elements and providing for the 
submission of preliminary and final 
plans for approval of the planning 
authority before plats may be re 
corded. 

(Most, if not all states delegate this 
authority to city plan commissions, 
extending varying distances beyond 
the city limits. This procedure as- 
sists the planning authority in con- 
vincing owners and developers of land 
of the multiple benefits which may be 
derived from following the sound 
principles set forth in the master 
plan.) 

The success of technical guidance 
by city planners in directing the ex- 
pansion of cities depends on the qual 
ity of the master plan, on thorough 
understanding of the value of the plan 
by the public, property owners, and 
developers, and on the ability and 
everlasting courage of the planning 
authority in administering the guid- 
ing plan in accordance with the sound 
principles which it portrays. 


(This article has been prepared from the 
paper presented by Mr. Sheridan before the 
City Planning Division session presided over 
by H. W. Alexander, chairman of the Divi 
sion’s Executive Committee, at the Centennial 
Convention in Chicago.) 
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This discussion of the larger implications of irrigation development is a 
digest of part of the longer paper by the author, “The Planning of an Irriga- 


tion Project in the United States Today.” 


lt brings into focus the place of 


irrigation in the United States, and its relation to the world, together with 
the differences in philosophy of the federal laws, and the conclusions con- 
= tained in the recent report on “National Water Policy” by the Water Policy 
Panel of the Engineers Joint Council. The complete paper, including the 


technical and documentary portions, is available as Cent 


ial Convention 





Preprint No. 58. This paper was presented before the Irrigation and Drain- 
age Division, with George S. Knapp, a member of the Division's Executive 


Committee, presiding. 


J. W. DIXON, M. ASCE 


Director of Project Planning 
U.S. Bureav of Reclamation 
Washington, D.C. 





Social and economic implications 


of irrigation development 


To be most constructive in ap- 
proaching this subject of the social 
and economic implications of irriga- 
tion development, it is necessary to 
start with the engineer himself, 
the man who is responsible for pre- 
paring project plans. At the annual 
dinner of the District of Columbia 
Section, Carlton S. Proctor, Presi- 
dent of the ASCE, stated the prob- 
lem squarely when he said: “In 
a situation in which we (the engi- 
neers} have been the prime movers 
we have passed the solution [to the 
social and economic problems] on to 
the social scientists, the lawyers, 
and the clergy, while the politicians 
have been quick to exploit our inept- 
itude."’ Dr. Alberto Lleras, Secre- 
tary General of the Organization of 
American States (more popularly, 


if erroneously, referred to as the Pan 
American Union), also very deftly 
touched on the responsibility of 
engineers to bring about a homo- 
geneous economic status in the na- 
tions of the Western Hemisphere. 

President Proctor quoted a recent 
Engineering Societies News Letter 
which hits a practical and vital note 
when it says: 


Engineering works are not applied in 
a vacuum, but in a political climate, and 
they have practically revolutionized so 
ciety. The engineering profession is 
certain of its future technologically, but 
society is by no means certain of its 
future politically. The next few years 
will undoubtedly see the engineering 
profession placing less stress on its tech- 
nical abilities, and turning more and more 


FIG. 1. Chart illustrates growth of an irrigation project, Salt River 


Valley, in Arizona, from 1910 to 1950. 





Current annual federal individual & corporation tax revenues 
$65,000,000 

Current retail sales, Maricopa County 
$364,000,000 

Current bank clearings, Phoenix 
$2.611,000,000 


Growth of an irrigation project * 
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toward a concerted program of techno- 
political activities. 


Technologically, we in the United 
States have been sound and aggres- 
sive, but most of us are immature 
in our concept of techno-political 
activities. We are inclined to forget 
that our projects not only are for the 
development of the resources of the 
nation, but also are inevitably a 
part of the world-wide irrigation 
development which has a significant 
relation to the economic and social 
peace of the world. 

Our responsibility in the Bureau 
of Reclamation is a peculiar one in 
that our basic responsibility is for 
irrigation development in the United 
States and its possessions. A fur- 
ther responsibility, which has ex- 
panded recently, is to render tech- 
nical assistance, under the United 
Nations and the State Department 
and others, to many nations through- 
out the world. 

We think of irrigation in the United 
States as being limited to the West 
but it is not; it is practiced in vary- 
ing degrees in every state of the 
Union. While the West has the 
larger area of irrigated lands, the pro- 
portionate growth of such areas in 
the East in the last ten years has been 
five times as fast as in the West. 

Since the inception of federal ir- 
rigation in the United States on a 
broad scale some fifty years ago, 
our concept of an adequate plan has 
changed as our experience and com- 
prehension of how to utilize our 
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opportunities have grown. Starting 
off usually with single-purpose proj- 
ects, we have added hydroelectric 
development, then storage to control, 
conserve, and utilize flood waters, 
and facilities for numerous other pur- 
poses. In the past two decades we 
would have been considered remiss 
had we not taken into account all 
possible services in preparing the 
plans for any project. In essence, 
that is the multiple-purpose project 
to create the greatest total benefits at 
minimum cost, and with minimum 
conflict among the services to be 
rendered. 

The planning for a major irriga 
tion project cannot be, and should 
not be disassociated from the planning 
for the development of other natural 
and economic resources, including 
the opportunities that may be created 
for commerce and industry. 

When this fact is fully assimilated 
on a world-wide scale, and when the 
real need for food throughout the 
world becomes something that the 
whole world is working on and not 
just talking about, the reclamation 
engineer will, in truth, become a 
tool toward world peace. 

We have also learned in the United 
States how irrigation development 
can lead to an expanding economy 
by creating new wealth in the form 
of food, clothing, the products of in- 
dustry, and the basic stability which 
comes from economic well-being. 

But it must not be presumed that 
a wise water development program 
can be undertaken in foolhardy 
haste, for it is always necessary first 
to have adequate basic data. 

The purposes that can be served 
will vary from project to project, 
in terms of both need in the project 
area, and the capability of the proj 
ect to render the desired services. 

Of the many purposes that may 
be served, nine are most common 
irrigation, flood control, hydroelec 
tric power, municipal and industrial 
water supplies, navigation, public 
health, fish and wildlife, recreation, 
and drainage. Each of these is 
discussed in more detail in the full 
paper, but I should like to touch 
briefly on the place of irrigation. 
Irrigation 

Thirty years ago, the United States 
changed from a nation with a net 
export of foodstuffs to one with a 
net import of foodstuffs. We have 
no more land under cultivation 
today than we had in 1920. Yet 
we are feeding 45 million more people, 
and they are being fed on a higher 
standard of living. 

Many factors 


help make this 
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possible. One intrigues me, namely, 
that through the rapid growth in 
the use of automobiles, tractors, and 
trucks the number of horses has been 
so reduced that 60 million acres of 
land formerly used to grow hay 
and fodder are now used for the pro- 
duction of food for humans. 

The place of irrigation throughout 
the world has even more significance. 
About six-tenths of one percent of 
the world’s land area is irrigated, yet 
it supports about 25 percent of the 
world’s population. 

Each year the world population 
increases about 20,000,000 people; 
simply stated, each day the world 
has 70,000 more people to feed than 
it had the preceding day. Yet, in 
the last ten years there has been a 
4 percent decrease in the cultivated 
area of the world. As Sir John Orr, 
the first President of the United 
Nations Food and Agriculture Organ- 
ization, said, “‘In the race between 
population and food, population is 
winning.’ Our plans in the United 
States must therefore contemplate a 
population increase of at least 40, 
000,000 people within the next 25 
years. 

The United States has the fourth 
largest program of irrigation devel- 
opment of any nation in the world, 
being exceeded by India, Pakistan, 
and China. Many other countries 
have substantial areas, and some na- 
tions are wholly dependent on irriga 
tion for agricultural purposes. Prob 
ably nowhere in the world is it more 
apparent that food is essential for 
survival than in the southern Asiatic 
countries, an area of new govern- 
ments and an awakening people. 
Happily, those countries are blessed 
with rich, undeveloped natural re- 
sources, and much can be done to 
remedy the situation. 

A recent survey conducted by our 
Bureau dealt with the national polli- 
cies of the countries of the world 
for financing irrigation projects. 


Most governments assist in one 
degree or another. Nations that 
have practiced irrigation over the 


longest periods of time are the ones 
that generally provide the greatest 
degree of federal participation. 
Those which are younger, in terms of 
irrigation practice as a national under 
taking, generally require a high de 
gree of individual financial participa- 
tion by the immediate beneficiaries. 
The United States is such a nation. 
Yet, an examination of 15 federal 
reclamation projects that collectively 
cost $2S5 million, shows that to 
date the federal government has 
collected some $525 million in in- 
dividual income taxes from those 
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taxes, 


federal 
such as corporation income taxes 
and excise taxes, have produced an 


same areas. Other 


additional $250 million. This $775 
million of federal income is over and 
beyond any direct repayment by 
immediate beneficiaries, and _ this 
tax income will continue to come in 
annually. 

To illustrate more specifically the 
economic results of the federal rec- 
lamation policy in the United States, 
the chart, Fig. 1, based on the Salt 
River Project of Arizona, is presented. 


Multiple-Purpose and Basin-Wide Plans 


When the multiple-purpose con 
cept becomes a clear and workable 
tool to the engineer, it automatically 
takes him at least two further steps. 

The first step is the recognition 
of the relationship of all projects 
within a given river basin, each to 
the other. As the water resources 
of any given river basin are more 
and more fully utilized, it is essential 
to approach the planning job on a 
basin-wide basis, for new projects 
must complement, and not inter- 
fere with, existing developments. 
And new projects must not prevent 
ultimate full development by usurping 
sites that would be economic for 
large projects and devoting them to 
lesser uses. 

The next inevitable step is the inter- 
basin or regional plan. Water can 
be and is being exported from one 
river basin to another. So is elec- 
tric energy for use outside the basin 
of origin. Nor are mineral deposits, 
timber growths, or the lines of com- 
merce limited to use in a particular 
basin. 

Leadership is needed within each 
country so that its particular needs 
can best be met according to its 
own devices and yardsticks. And 
continued leadership and even greater 
effort is needed among the nations 
for the solution of controversies, and 
for the preparation of plans to utilize 
such international streams as_ the 
Danube, the Nile, the Rio Grande, 
the St. Lawrence, the Columbia, the 
Indus and many others. 


Philosophy of Federal Development 
in the United States 


The composition of a plan, its 
purposes, and the peoples which it 
serves dictate many controlling prin- 
ciples on which it must be predicated. 
There are, nevertheless, other con- 
trolling principles, namely, those 
laid down as basic policy within each 
nation to guide its own procedures. 

A federal irrigation or multiple- 


(Continued on page 250) 
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Progress in irrigation engineering 


Irrigation practice is as old as civili- 
zation itself. Early civilizations in 
arid areas depended on irrigation and 
flourished where canals brought water 
from nearby streams to sustain plant 
life and assure crop yields. 

Irrigation engineering is of com- 
paratively recent origin. Its prog- 
ress has been rapid, particularly 
during the last 100 years when the 
settlement and development of our 
western states were made possible 
through irrigation enterprise. 

Since the enactment of the Rece- 
lamation Act 50 years ago, on June 
17, 1902, the construction of irrigation 
works by the Federal Government 
has brought water to more than 5 
million acres of western land. This 
acreage is exceeded four times by 
private irrigation developments in 
the United States and many times 
over by irrigated areas in other coun- 
tries. However, its development has 
been a potent influence on the welfare 
and stability of a large section of the 
West. 

From an engineering standpoint, 
the accomplishments of the Bureau of 
Reclamation in the design and con 
struction of structures for irrigation 
and in the development of associated 
hydroelectric power—have  con- 
tributed a substantial volume and 
diversity of experience to irrigation 
practice. They have also assisted in 
the evolution of reclamation policy 
and economic principles. 


Design Answers Irrigation Needs 

The ever-increasing demand for 
irrigation has been a vital force in the 
advancement of irrigation engineer- 
ing. The need for closer conservation 
has impelled successive progress in 
design as demands on scant western 
water supplies have become stronger. 
Changes in the basic concepts of 
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irrigation projects fostered new en- 
gineering designs. The evolution of 
the relatively simple irrigation proj- 
ect into the multiple-purpose de- 
velopment aml, more recently, the 
coordinated development of river 
basins, have presented new challenges 
in the design phase of irrigation en- 
gineering. 

Rapid construction progress during 
the first 5 years of reclamation activ- 
ity was made possible by the adapta- 
tion of construction equipment and 
skills developed during the era of 
large-scale railroad construction from 
ISSO to 1900. To a considerable 
extent, improvements in design dur- 
ing this period and later years ac- 
companied the development of con- 
struction equipment, particularly ex- 
cavating machinery. 

The early formative period en- 
couraged many modifications in de- 
sign as work progressed. As later 
irrigation projects embraced struc- 
tures of increasing size and com- 
plexity, flexibility of design methods 
and reliance on empirical procedures 
gave way to more thorough study of 
site and materials and to more com- 
plete designs before the start of con- 
struction. 

Early irrigation undertakings in the 
West depended for the most part on 
use of unregulated stream flows 
brought to the land by ditches headed 
at small diversion dams. These un- 
regulated flows, however, were not 
sufficient for irrigation needs, and 
dams of increased height and volume 
were required to store and regulate 
water. 

A basic contribution to the design 
of dams has been the improvement 
of hydrologic techniques in _fore- 
casting stream runoff, which have 
enabled the designer to provide eco- 
nomical spillways of adequate capac- 


ity to safely pass reservoir overflows 
from floods. The adoption of the 
unit hydrograph in 1932, and subse- 
quent refinements in computing and 
analyzing runoff from rainfall and 
snow melt, have aided greatly in 
planning and designing dams and 
reservoirs. 

Experience in the development of 
early concrete and masonry dams, 
such as Buffalo Bill (Wyoming), 
Roosevelt (Arizona), Pathfinder 
(Wyoming), Arrowrock (Idaho), and 
Elephant Butte (New Mexico), led 
the way to the design of dams with 
heights and volumes previously con- 
sidered impossible to attain. Ad- 
vances followed in the design of mul- 
tiple-arch dams, reinforced-concrete 
slab and buttress dams, and other 
special types of concrete dams. 

The principle of trial-load analysis, 
which was evolved during the 1920's 
for the first time took into account the 
interaction of horizontal beam or arch 
action with vertical cantilever action 
in the structure in determining the 
economic safety factor. Its first 
important application was in the 
design of Hoover Dam _ (Arizona- 
Nevada). 

New procedures were worked out 
to control the temperature of the con- 
crete placed in Hoover Dam. The 
potentially high temperature devel- 
oped in the mass concrete of the 726- 
ft-high dam was counteracted by the 
use of low-heat cements and by an 
embedded pipe cooling system 
through which river water and re- 
frigerated water were circulated to 
remove the excess heat resulting 
from cement hydration. To localize 
shrinkage and to minimize random 
cracking, Hoover Dam and _ later 
massive dams were built in vertical 
blocks separated by contraction joints 
which were grouted to make the 
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structures monoliths after tempera- 
tures became stable. 

With the establishment of the 
Bureau’s engineering laboratories in 
the early 1930's, hydraulic models 
were used extensively to confirm 
designs for spillways and outlet 
works for dams. Experience demon- 
strated that hydraulic models pro- 
vided a reliable means of ascertaining 
and alleviating undesirable conditions 
such as subatmospheric pressures on 
water-passage surfaces and the chok 
ing of shaft spillways. 

During the 1930's, procedures were 
developed for grouting dam founda- 
tions to improve their watertightness 
and stability and to reduce uplift 
pressures under concrete dams. 
Grouting techniques were improved 
by more accurate determination of 
spacing, location, and depth of drill 
holes, and by close control of grout 
mixtures and pressures for varying 
conditions. 

Much progress has been made in 
the design and construction of earth 
dams. Many of the early earth dams 
were designed with little attempt at 
analysis of structural behavior. They 
were built with only elementary 
selection of materials and control of 
moisture and compaction. However, 
the experience derived from their 
construction, and advances in soil 
mechanics, led to the adoption of 
definite principles and construction 
control. 

Compacted earth-fill dams have 
been accepted for wide use and they 
are now economically designed with 
the same assurances of safety and 
permanence as are other types of 
dams. In the transition of earth 
dam design from about 1925 to the 
present time, important advances 
have been made in basic soil mechanics 
and in design techniques. Methods of 
analyzing the stability of earth em 
bankments were developed. Data 
obtained from settlement and inter- 
nal-pressure measurements, con 
ducted at most major earth dams 
since 1935, and the criteria evolved 
for moisture control, material selec- 
tion, and embankment placement 
have both contributed substantially 
to the advancement of earth dam 
design and construction. 

The design of hydraulic equipment 
to control the release of water from 
dams has paralleled progress in dam 
design. Problems of deterioration 
of valves and gates by cavitation and 
corrosion have beeen lessened through 
better hydraulic and mechanical de- 
sign and the development of more 
resistant materials. The increasing 
demand for larger gates and valves to 
operate under higher heads has led to 
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progressive improvement in operating 
gates, emergency gates, and regulat- 
ing valves. 

Butterfly valves or sliding leaf 
gates have been developed for emer- 
gency closure of penstocks and outlet 
pipes. To adapt the sliding leaf 
gate to the higher heads, ring fol- 
lowers and wheels were added to 
withstand the high thrust and reduce 
the friction. Gates of this type have 
been designed for 120-in. conduits 
and for heads of more than 600 ft. 

One of the earliest regulating valves 
was of the cylinder type. Higher 
heads required improved designs which 
were represented first by a needle- 
type valve. Several major changes 
resulted in the interior differential 
needle valve, followed by the tube 
valve, and finally the present hollow- 
jet valve. Sizes have been built up 
to 108 in. in diameter and for heads 
in excess of 460 ft. 

Since 1902, approximately 20,000 
miles of canals and more than 200,000 
related irrigation strifctures on rec- 
lamation projects have been de- 
signed and constructed. The canals, 
lined and unlined, range in capacity 
from a few cubic feet per second up to 
16,000 cfs. 

The design of large canals and of 
smaller conveyance and distribution 
structures has been directed toward 
one basic objective—to deliver water 
in adequate quantity from the source 
of supply to the point of use efficiently 
and at minimum cost. Over the past 
50 years refinements in hydraulic 
theory and soil mechanics procedures, 
the development of canal linings, and 
improvements in construction equip- 
ment and controls have aided in 
reaching this engineering goal. The 
techniques developed for underdrain- 





age of linings and stabilization of 
canal banks, and improvements in 
weed control and other maintenance 
procedures, have also made possible 
greater efficiency and economies in 
water distribution. 

Prior to the start of reclamation 
construction in the West, little con 
sideration was given to the establish 
ment of canal standards. An initial 
undertaking was the development of 
hydraulic and earthwork standards 
for trapezoidal canal sections. These 
early compilations were progressively 
improved, and are now widely ac 
cepted as standards in the design of 
hydraulic channels. 

In the years that followed, em 
phasis was given to lowering costs 
of canal construction and to improv 
ing canal alignments, particularly 
those of main supply arteries. This 
endeavor was given further impetus 
by initiation of a lower-cost canal 
lining program in 1946. Research 
and investigation of materials and 
methods in field, laboratory, and 
design offices have reduced the costs 
of lining many canals. Concrete 
linings and pneumatically-placed 
mortar linings have been improved. A 
far-reaching development is the elim 
ination of steel reinforcement in con 
crete canal linings except under cer 
tain conditions—thus making pos 
sible a saving of 10 to 15 percent in 
the total cost of the linings. 

Two general types of asphaltic 
canal linings have been developed 
and are being used successfully 
buried asphalt membrane and as 
phaltic concrete. The newly-devel 
oped buried membrane consists of a 
thin layer of asphalt sprayed in place 
at high temperature and covered with 
a protective layer of earth materials 


Roosevelt Dam on Salt River project in Arizona was com- 


pleted in 1911. 


This dam, one of earliest major dams con- 


structed by Bureau of Reclamation, is a masonry arch struc- 
ture, 280 ft high above foundation. 
































































Earth linings have proved eco- 


related work and the welfare and 





begun in 1911 to determine the eleva- 


10n of 
nts in nomical. The heavy-type compacted interests of the citizens on reclama- tion of ground waters, and the con- 
enance earth lining is particularly effective tion projects are to be protected. struction of necessary drainage facil- 
ossible as a low-cost lining for medium-size During early reclamation activity ities was undertaken. Through in- 
lies in and large-size canals. This lining, little eonsideration was given to the creased knowledge in recent years of 
about 3 ft thick, is inexpensive to proper techniques of water applica- the physical and chemical character- 
nation place where suitable materials are tion and land management. In later istics of soils and of the factors affect- 
e con available, requires little protection years more attention was given tothe ing ground-water movement, it has 
ablish from erosion, and is about as im- requirements of the crops and to the been possible to construct efficient 
initial] pervious as concrete lining. water-holding capacity of the soil, drains, wells, and other drainage 
ent of Developments in the design and and still greater attention was di- relief devices as integral parts of 
idards manufacture of concrete pipe have rected toward decreasing losses of irrigation projects. After projects 
These made possible its wider use for dis- both water and soil on the farm are constructed, the productive ca- 
sively tribution systems and canal struc- There has been a significant trend pacity of the land is maintained 
ly ac tures. The early pipe, cast in small in recent years toward mechanization through continuing drainage studies 
ign of sizes by hand-tamping mortar into of irrigation project operation. Two- and activities. 
forms, has been replaced by mass- way radio communication systems ‘ 
, em produced concrete pipe with diame- have been installed, and maintenance Construction Art Advances 
costs ters up to 9 ft, and in special cases personnel can communicate directly During the past 50 years, a tre- 
Iprov up to 15 ft. Operation of reinforced- with the operating office. Through mendous advance in the construction 
ularly concrete pipe under progressively remote-control systems, operators art has taken place. Great improve- 
This higher heads accompanied the intro- at central locations can control the ments were made in internal-com- 
ipetus duction of metal joints and later of operation of gates or other works bustion engines and _ self-propelled 
canal rubber-gasket joints. many miles away by electrical cir- machinery. In particular, the de- 
search In addition to these important de- cuits. Automatic equipment in velopment of equipment for the ex 
; and sign advances, the past 50 years have pumping plants has made possible cavation, conveyance, and _place- 
and been characterized by progress in the the unattended operation of such ment of materials was outstanding. 
costs design of diversion dams, large waste- _ facilities. New and improved machines, because 
icrete ways, detention dikes, high-head pipe- Through research in the chemical of their greater capacity, durability, 
laced lines, and appurtenant canal fea- laboratories, new economical methods and speed of performance, made pos- 
ad. A tures such as checks, drops, and have been developed to control sible the accomplishment of work on 
elim turnouts. Inverted siphons con- aquatic weeds. Aromatic solvents a scope and a volume that other- 
1 con structed of concrete pipe or cast-in- such as cheap coal-tar naphtha have wise might have been economically 
r cer place concrete have largely replaced been found to be more effective in infeasible. On reclamation projects 
pos the timber-trestled flumes of early de- killing aquatic weeds than previous the magnitude of the work under- 
nt in signs. Automatic controls for checks expensive hand or mechanical taken closely paralleled the develop 
and wasteways and devices for meas- methods. ment of equipment and the allied 
haltic uring flows in large canals have been In the early years of reclamation improvements in construction plants 
loped found useful in the operation of development, inadequate considera- and methods. Progress in construc- 
lly modern irrigation systems. tion was given to surface and sub- tion through the development of new 
i as ‘ ’ surface drainage. The importance equipment and methods is strikingly 
level Operation and Maintenance Stressed of preventing the destruction of demonstrated by comparison of early 
of a Dams, reservoirs, and distribution valuable land by waterlogging, salts, methods with modern practices. 
place systems on reclamation projects must and alkalis was not recogrtized. At the time reclamation construc- 
with be properly operated and maintained To maintain the productivity of tion in the West began, the horse 
als if the investment in irrigation and irrigated lands, investigations were drawn drag scraper—slip or fresno 


Enders Dam in Nebraska is one of twelve reclamation dams 
that have been constructed on Missouri River Basin project. 
Construction of large earth dams such as Enders has been 
made possible by important advances in soil mechanics and 


Davis Dam, recently completed on Colorado River, reregu- 
lates water releases from Hoover Dam for irrigation and 
power development and for other purposes including de- 
livery of water to Mexico. 


In foreground are spillway and 





design techniques during past 25 years. power plant. Part of earth-fill embankment is visible at left. 
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was the principal implement used in 
the excavation of canals, although 
steam shovels were used as early as 
1903 on canal construction on the 
Newlands project in Nevada. The 
moving of excavated materials, until 
about 1910, was done principally by 
horse-drawn wheeled scrapers and 
one-yard wagons. 

By 1915, the transition from horse 
power to gasoline power was well 
under way, and by 1920 the gasoline 
engine and the steam engine had been 
so developed for heavy construction 
purposes that they almost entirely 
replaced the horse and mule. About 
1930, -draglines of large capacity 
were developed. Some of these ma 
chines, rated at 18-cu yd capacity, 
were used in 1934 for construction of 
the S80-mile All-American Canal in 
California. 

The development of internal-com 
bustion engines and electric power 
had a similar effect on concrete canal 
lining and on excavation. The first 
canal lining machine was used on the 
Umatilla project in Oregon in 1914. 
This machine, like the others that 
followed later on other projects, 
traveled on rails at the top of each 
canal bank, finishing the concrete 
lining over the entire canal perimeter 
as it moved along the canal. In re 
cent years, these large machines have 
lined canals of more than _ 100-ft 
width on the Columbia Basin (Wash 
ington) and Central Valley (Califor 
nia) projects. 

Advances in construction of con 
crete dams, particularly in the last 
25 years, have been made possible by 
greatly improved techniques of con 
crete manufacture and methods of 
transportation and placement. Be 
ginning with the construction of 


Friant-Kern Canal on the Central Valley project in Cali- 
fornia, shown here in its initial reach downstream from 
Friant Dam, is major artery of project's irrigation develop- 
Most of concrete lining is unreinforced. 
capacity of 155-mile-long canal is 5,000 cfs. 


ment. 


Hoover Dam in 1931, accurate batch- 
ing and mixing plants have been used 
to assure automatically predeter- 
mined proportions of aggregate, ce- 
ment, and water, and consistent uni- 
formity of mix. 

At Grand Coulee Dam, on the 
Columbia Basin project, which con- 
tains 10,585,000 cu yd of concrete, 
the aggregate processing plant had a 
rated capacity of 3,000 to 4,000 tons 
per hour and was designed to wash, 
screen, and store separately four 
sizes of gravel and three sizés of sand. 
Concrete was delivered to the dam at 
the average rate of 1 cu yd every 5 
sec. At one time, the rate of place- 
ment of concrete reached 20,600 cu 
yd during a 24-hour period. 

Despite the short season at Hungry 
Horse Dam (now under construction 
in Montana) more than 2,000,000 cu 
yd of the 3,000,000-cu yd structure 
were placed in 17 working months. 
In August 1951 alone, more than 
227,000 cu yd of concrete were placed 
in the dam. 

Since 1925, embankment control 
for rolled earth dams involving close 
supervision of excavation, placing, 
and compaction of the materials has 
become a recognized procedure. 

Earth moving and placing equip- 
ment, including large elevating grad- 
ers, tractor-drawn scrapers holding 
30 or more cubic yards of material, 
fast-moving bottom-dump wagons of 
equally large capacity, and sheeps- 
foot rollers have made possible great 
advances in earth-dam construction. 
Comparison of the rates of progress 
in building the Belle Fourche Dam 
(1906-1910) on the Belle Fourche 
project in South Dakota and the con- 
struction of Bonny Dam (1948-1951) 
on the Missouri River Basin project 


Wyoming. 
Initial 





place at high temperatures. 
duced cost of lining many canals. 





in Colorado is interesting. In the 
working season of 1909 at the Belle 
Fourche Dam, 529,000 cu yd were 
placed in the dam in about 7 months. 
At Bonny Dam, which was completed 
a year and a half ahead of schedule, 
more than 1,000,000 cu yd were 
placed during the maximum month of 
November 1949. 

Work Done on Contract Basis 

The Reclamation Act of 1902 gave 
the Secretary of the Interior authority 
to let contracts for constructing prin- 
cipal works on reclamation projects. 
Difficulties were encountered early 
in contract work because many con- 
tractors were inexperienced in such 
undertakings and were unprepared 
to assume the financial responsibility 
required to complete government 
contracts. 

Because of these difficulties and 
ensuing problems in obtaining suit- 
able labor during the period of great 
expansion of construction in the West, 
beginning about 1905, contracts be 
came increasingly difficult to fulfill. 
For these reasons, from 1911 to 1923 
reclamation construction activities 
were accomplished for the most part 
by government forces. 

However, from 1923 to the present 
time, most Bureau of Reclamation 
work has been carried out by con 
tract. This period, during which in 
creased expansion of reclamation 
activities took place, was paralleled 
by an equally important growth in 
the skills and abilities of the con 
tractors participating in reclamation 
work. Modern contracting organi 
zations generally are well equipped 
and organized—technically, finan 
cially, and administratively. 

The success of reclamation under 


Protective layer of earth materials covers buried asphalt 
membrane lining on Casper Canal, Kendrick project in 
Lining is a thin layer of asphalt sprayed in 


Such developments have re- 
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takings may be credited in large part 
to the ingenuity, capacity, and re- 
sourcefulness of the contracting in- 
dustry. In recent years, the con- 
tractual relationships between the 
Burea1 and contractors have been 
strengthened by periodic conferences 
and mutual study of problems. This 
cooperation has been reflected in 
reduction of construction costs and 
improved quality of performance. 
Projects Become Multiple Purpose 

The first reclamation projects were 
constructed for a single purpose—to 
provide irrigation. But early in the 
experience of the Bureau, power be- 
came an important adjunct to irri- 
gation. The first hydroelectric power 
installation on a reclamation project 
was a small temporary plant on the 
Salt River Valley project in Arizona, 
built in 1906 to supply electric power 
for the construction of Roosevelt 
Dam. 

Passage of the Boulder Canyon 
Project Act in 1928 signified a marked 
advance in the concept of water con- 
servation and in the importance of 
hydroelectric power development for 
reclamation projects. This act em- 
bodied for the first time the concept 
of multiple-purpose development of 
water resources. The Boulder Can- 
yon project comprises Hoover Dam 
and power plant, Imperial Dam and 
desilting works, and the All-American 
Canal system. Sale of the power 
generated will repay 90 percent of the 
cost of the project, with interest. 

The Reclamation Project Act of 
1939 increased the maximum period 
of power leases from 10 to 40 years, 
and authorized rates that would re- 
cover not only the costs allocated to 
power but also an appropriate share 


Left: 


where suitable soils are available. 


Recently developed heavy-type compacted earth lining 
used on this section of Friant-Kern Canal is particularly effec- 
tive as low-cost lining for medium-size and large-size canals 
Right: 


crete manufacturing and placement systems have made pos- 


of the construction costs allocated 
to irrigation where such costs were 
in excess of the water users’ ability to 
pay. 

Early pumping plants were built on 
several reclamation projects, among 
them the Huntley project in Mon- 
tana and the Minidoka project in 
Idaho. These plants pumped water 
to lands too high to be served b/ the 
gravity systems. 

As the possibilities of pumping 
methods in certain areas became in- 
creasingly apparent, and were en- 
hanced by the development of hydro- 
electric power, additional pumping 
plants were constructed and placed 
in operation. Heights of pumping 
lifts increased with the improvement 
of pump efficiency, and the feasibility 
of pumping for irrigation likewise 
increased. 

In the summer of 1951, a new era 
in pumping for irrigation began. 
Three of the world’s largest pumping 
plants were placed in initial operation. 
Largest of these is the Grand Coulee 
pumping plant on the Columbia 
Basin project. This plant will house 
12 pumping units, each capable of 
delivering 1,350 cfs of water at a 
rated head of 310 ft. Each pump 


is driven by an electric motor 
of 65,000 hp. Four of the pumping 
units are completed and will be 


utilized during the irrigation season 
of 1952 to pump water for delivery 
to 66,000 acres of land—the first 
irrigation block of the huge project. 

The second largest pumping in- 
stallation is the Tracy pumping plant 
on the Central Valley project. The 
plant is the prime mover in the trans- 
fer of surplus water from the Sacra- 
mento River to lands in the San 
Joaquin Valley. The installation 


Large-scale con- 








consists of six units, each rated at a 
capacity of 767 cfs at a head of 197 
ft. 

Another recently constructed plant 
is the Granby pumping plant on the 
Colorado—Big Thompson project in 
Colorado. The Granby pumping 
plant lifts water to the western portal 
of the Adams Tunnel, which carries 
the water from the western slope 
of the Rocky Mountains through the 
Continental Divide to the eastern 
slope. The plant houses three pumps, 
each rated at a capacity of 200 cfs at 
the maximum pumping head of 186 ft. 


Future Brings New Challenges 


Irrigation engineering in the future 
faces challenging problems. Water 
for new irrigation projects must be 
transported greater distances, which 
will bring new problems of storage, 
pumping, and conveyance. The ex- 
change of water through multiple- 
basin exportation systems may be 
necessary before full utilization of 
western water resources can be 
realized. Other complex and diversi- 
fied problems in the development of 
domestic water supplies, flood con- 
trol, and control of silt will be imposed 
on future reclamation undertakings. 
The experience gained in irrigation 
engineering during the last 50 years 
will be of immeasurable value in the 
development of the more difficult and 
complex irrigation projects of the 
future. 

The photographs accompanying 
this article are used by courtesy of the 
Bureau of Reclamation. 


( This article is based on the paper presented 
by Mr. McClellan before the Irrigation and 
Drainage Division, presided over by W. E. 
Blomgren, M. ASCE, at the Centennial Con- 
vention in Chicago. ) 


sible rapid building of large concrete dams such as Hungry 
Horse Dam, now under construction in Montana. 
short working season, more than 2,000,000 cu yd of 3,000,000- 
cu yd structure were placed in 17 working months. 
ment of concrete in dam will be completed in 1952. 
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Water Law in the United States 


The Centennial of Engineering, of 
which this meeting of the Irrigation 
and Drainage Division is a part, 
covers the period of time during which 
the present water law in the United 
States has been developed. Title to 
the use of water becomes impor- 
tant only when the demand exceeds 
the available supply. A hundred 
years ago there were many uses of 
water but the amount of use had not 
resulted in such deficiencies that 
complete definition of the basis 
of title to use was required. 

In the humid eastern states the 
early settlers, coming principally 
from England and finding conditions 
generally similar to those in the area 
from which they came, naturally 
transplanted the English common 
law of waters to their new homes. 
This law, which gave riparian rights 


With particular reference to the Western States 


on surface streams and complete 
title to underlying ground waters 
to the landowner, met such needs as 
arose in the settlement of these humid 
areas. 

Water had been used for irrigation 
for what was then a relatively long 
time in some southwestern areas 
in the United States under practices 
brought in by the Spaniards. Not 
until extensive use of water for min- 
ing began in the western states just 
about 100 years ago did the need 
arise for the development of a system 
of title to the water in surface streams 
which was adapted to the arid con- 
ditions in the western states. The 
customs developed by the early west- 
ern miners became the principles of 
the system of appropriation rights now 
so thoroughly established in the 
arid areas of the United States. 





tions. 


water law. 





Needs in the Field of Water Law 


There is a growing need for more complete defini- 
tion of rights to water under the many variable condi- 
tions of its use. This need is the natural result of 
greater use of our water resources. 
is essential both in the principles and in their applica- 


Any problems can and should be solved without 
major modifications in the present basic concepts of 
Future changes should amplify and 
refine rather than fundamentally revise. 
speaking, such advances are more necessary for 
ground-water supplies than for surface streams. 


More exactness 


Relatively 
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Over the past 100 years each of 
these two basic principles of water 
law have been subjected to the modi 
fications needed to meet the require 
ments of a country progressing from 
pioneering conditions to a_ stable 
economy. Further changes are oc 
curring and will continue to be 
necessary to keep water law abreast 
of expanding development. 

Under our system of government 
we do not have what can be called a 
national system of water law. Each 
state may adopt the system which it 
considers best. With the wide diver 
sity in climatic conditions in the dif 
ferent states this is a major advantage 
in securing systems of water law suited 
to local conditions. The general sys- 
tem of riparian rights has been found 
to be well adapted to humid areas 
Similarly the appropriation doctrine 
has been found to be preferable for 
conditions in arid areas. However, 
it is difficult to select and apply an 
appropriate system of title in the 
semi-arid states. In some states 
variations have been used within the 
State in order to meet more nearly 
the climatic conditions of the different 
parts. 

Water law is a technical subject 
having many finely-drawn distinc- 
tions. This article will not attempt 
to examine the more technical fea 
tures, but rather will present a gen- 
eral survey of present practices with a 
discussion of the development and 
changes which may occur in the fu 
ture. 

No excuse is needed when an en 
gineer undertakes to discuss a legal 
subject such as water law. The 
greater part of the procedure involv- 
ing rights to the use of water relates 
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to factual matters. The administra- 
tion of water law is mainly under 
the direction of engineers, who re- 
quire a knowledge of the controlling 
legal principles although their work 
is concerned mainly with the appli- 
cation of such principles to the 
widely varying physical conditions 
of water supply. Engineers in this 
field should be and are qualified to 
discuss the general policies of water 
law. 

The physical conditions under 
which surface and underground 
waters are produced differ so materi- 
ally that separate systems of title 
are needed. The flow in surface 
streams must be used as it occurs or 
it will be lost. The water may be 
conserved by diversion of direct flow 
or by storage, but the actual surface 
flow leaving the stream system is lost. 
Ground water is itself a form of 
storage and permits much more 
flexibility in the time and rate of its 
use. Surface waters are accessible 
for measurement and can be divided 
readily among legitimate consumers. 
Ground waters are difficult to ad- 
minister quantitatively as measure- 
ment generally has to be made by 
some form of indirect determination. 
The development of water law can 
be discussed more conveniently by 
treating these two classes of water 
supply separately. 


Surface Waters 


As previously mentioned, the older 
of the two systems of title to the use 
of water prevalent in the United 
States is known as the riparian rights 
doctrine, which was transplanted 
from England. In England water 
was needed for domestic and stock 
use and the generation of power at 
mill sites. Thus there was developed 
a recognition of advantage of posi- 
tion in securing water, and the ripar- 
ian owners along a stream were 
given the rights to its flow. Be- 
tween different riparian owners, rights 
were generally relative, each being 
entitled to a reasonable share of the 
available supply. This system is 
generally well adapted to the humid 
eastern states where consumption is 
usually less than the available supply. 
Also, each riparian owner may de- 
velop the power within the section 
of the stream under his riparian 
ownership. 

The appropriation system is the 
outgrowth of early mining practices 
in the West, which at that time was 
open public land without laws for 
acquirement by the miners. Thus 
the miners made their own rules for 


both land and water titles. Among 
the miners, priority of possession, 
continuation of operation, and limi- 
tation on the area which could be 
acquired were the basic rules of title 
to mineral claims. These rules were 
matched in the title to the use of 
water for the mining claims by prior- 
ity of appropriation, diligence in 
construction and use, and the re- 
striction of the amount withdrawn 
to the reasonable needs. Although 
there were similar practices in other 
areas, the development of this system 
among the miners was largely spon- 
taneous and original. These prin- 
ciples remain today as the main 
basis for the appropriation system 
of water rights. 

For arid areas the appropriation 
system has demonstrated its adapt- 
ability to the conditions. Priority of 
right to the one first in time would be 
capable of abuse if the prior right were 
not limited by the requirement of 
diligence in completing actual use 
and if the extent of the right were not 
in turn limited to the amounts needed 
under reasonable standards of bene- 
ficial use. 

The appropriation system is now 
established as the exclusive system 
in the more arid western states. 
In the three Pacific Coast States, 
early recognition of riparian rights has 
been overcome by restrictions on 
their application, so that in Oregon 
and Washington nearly all rights are 
now practically on an appropriation 
basis. California went further in 
recognizing riparian rights and took 
longer to work out a basis for their 
limitation. In California reasonable 
use is still recognized for riparian 
lands on a riparian-right basis but the 
former unreasonable advantage of 
riparian lands over non-riparian areas 
is no longer in effect. In the semi- 
arid states of the Great Plains, con- 
flicts between the riparian and appro- 
priation systems have not been ex- 
tensive. Large projects based on 
storage are proceeding without es- 
sential distinction between riparian 
and non-riparian lands. 


Acquirement of New Rights 


Under the riparian system, water 
rights are inherent in the land and no 
separate procedure is required to se- 
cure rights to the use of water. Under 
the appropriation system, title to the 
use of water is obtained under a pro- 
cedure which is separate from the ac- 
quirement of title to the land on which 
the water is to be used. 


The procedure for the acquisition 
of appropriation rights has developed 
over the last 100 years from a simple 
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declaration of intention to a state- 
supervised form of application, per- 
mit, and license. This change is the 
natural result of the need for a more 
definite, readily available, and up-to- 
date record of the status of rights 
during their period of acquirement. 
The early users were only required to 
post a notice of intention at their 
proposed point of diversion and to 
record a copy of the notice with the 
county. 

No further steps were necessary to 
record which notices had been fol- 
lowed by actual construction and 
there was no limit on the amount of 
water which could be claimed. At 
present nearly all western states re- 
quire that an application to appro- 
priate water be made to some state 
agency. The degree of discretionary 
control over the granting of such 
applications differs widely among the 
individual states. In Colorado the 
application is still only a declaration 
of intention with control by the state 
limited to the content and form of the 
application. In several other states, 
the state agency has varying degrees 
of authority to reject applications. 
Grounds for rejection may be inade- 
quacy in the application itself, ab- 
sence of unappropriated water in the 
source sought to be appropriated, 
lack of financial resources to carry out 
the project, or such a generality as 
not being in the public interest. 

The western states have generally 
been averse to granting extensive 
discretionary powers to administra- 
tive officials to reject applications for 
appropriating the waters of the state. 
This policy in the early years was the 
result of fear that favoritism might 
be used and monopolies in water 
rights created. Some states still 
provide in their constitutions that the 
right to appropriate water shall not 
be denied. In such states, regulation 
is limited to requirements regarding 
the form and content of applications to 
appropriate. 

As water supplies have been more 
fully used, support has developed 
for state guidance in apportioning 
the remaining unappropriated water 
so that it not only may be used 
beneficially but also may best serve 
the needs of the state. This policy 
has resulted in preferences between 
different classes of use and methods 
whereby the state could itself appro- 
priate the remaining unused waters 
for state-selected and state-controlled 
projects. 

In regard to preferments, domestic 
use, which now includes stock water- 
ing, is always rated first. Municipal 
use receives the same priority as 
domestic use although municipal 
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use includes industrial uses. Second 
preference is generally given to irri- 
gation in the western states. Power 
and mining usually rank third. 

Such preferences apply only to un- 
appropriated water. When title has 
once become vested, a preferred use 
has no authority to take water from an 
inferior use except by proper con 
demnation procedure. When appli 
cations to appropriate the same water 
supply may be pending at the same 
time, preferences between classes of 
use can be used to select the applicant 
to receive the permit. 

State withdrawal of unappropri 
ated water or direct appropriation by 
the state is authorized in some 
states. Withdrawal can be used to 
withhold acquirement until plans 
offering the greatest public benefit can 
be worked out. Also, by direct 
appropriation the state can retain 
control of unappropriated water until 
a project considered to be _ best 
adapted for the maximum benefit 
can be planned and _ undertaken. 
Such state appropriations do not 
require state construction, as priority 
can be waived for projects meeting 
the state’s program. 


Determination of Existing Rights 


No western state adopted methods 
of acquirement of water rights through 
state procedure until after many rights 
had become vested through use. To 
secure a definition of all rights on any 
stream, some form of quiet title or 
adjudication procedure is required. 


Early adjudications of water rights 
in the United States were left en- 
tirely to court action between the 
contending claimants. Whereas suits 
to quiet title to land are a recog- 
nized and useful procedure, title to 
the use of water does not lend itself 
to a similar action by individual 
claimants. Titles belonging to all 
water users on a stream are interre 
lated, and all claimants need to be 
brought into a single action if the 
results are to be effective. Thus, 
court procedures were established in 
which all claimants could be made 
parties in a single adjudication with 
the decision binding on all. The 
cumbersomeness of such factual 
determinations, when conducted 
under the restrictive rules of court 
practice, led, in turn, to the establish- 
ment of administrative forms of 
adjudication by state agencies having 
semi-judicial powers. In the latter 
case the administrative agency was 
authorized to secure its own record 
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of facts by its own field investiga- 
tions rather than being limited to the 
evidence presented by the contending 
parties. The administrative agency 
method reduces the conflict of testi- 
mony on factual items as the measure- 
ments of such an agency are generally 
accepted by the claimants. This 
procedure has been found to shorten 
the time and reduce the cost of 
adjudications. It is now in effect 
in some form in nearly all the western 
states. : 

As determination by administra- 
tive or semi-judicial state agencies 
touches closely the functions of the 
courts, conflicts in jurisdiction have 
to be avoided. Different procedures 
are used in various states. In Wy- 
oming the decisions of the administra- 
tive agency are final unless appealed 
to the courts. In Oregon, the ad- 
ministrative decision is always re- 
ported to the court and becomes 
final only when approved by the 
court. These differences affect pro- 
cedures rather than results. Several 
states have found it preferable to 
follow the Oregon procedure in order 
to avoid the constitutional questions 
that might be raised if the full 
powers of a lower court were given to 
the administrative office. 

It is essential that when all the 
existing rights have been defined on a 
stream some procedure be available 
whereby later rights can be defined 
without involving adjudicated rights. 
This result is secured when applica- 
tion to a state agency is required, 
the processing of which includes 
granting a permit to proceed and 
issuing a license on completion of 
construction and use. The license 
then becomes the equivalent of a 
supplemental decree to the new right, 
which has a priority based on its 
time of initiation. 


Administration of Water Rights 


It is not enough to define the extent 
of the individual rights to the use of 
water from any stream. It is also 
necessary to provide procedure for the 
administration of the stream to assure 
that the owners of the rights receive 
the supply to which they are entitled 
at the time and in the amount of their 
needs. 

The appropriation system lends 
itself to the definition and adiminis- 
tration of water rights more readily 
than the riparian system. An es- 
sential element in the administration 
of any system of title to the use of 
water is the definition of each right 
so that the administrating agency is 
only required to administer and not 
to determine a changing status of the 
rights themselves. Individual ripar- 





change 
quantitatively with changes in the 


ian rights, being relative, 
available water supply. Appropria- 
tion rights are separate individually 
and are served in the order of priority. 
In arid areas recognizing riparian 
rights, difficulties in administration 
have resulted in limitations on ripar- 
ian use which represent an approach 
to placing the riparian users on an 
appropriation system. 

On a stream having many users, 
where the supply at times may be in- 
sufficient for all needs, administra- 
tion of daily diversions is essential 
for orderly use. The administrators 
are usually called water masters or 
water commissioners. They work 
under the direction of the court 
making the adjudication, where the 
court method is in force. They work 
as state employees where the adminis 
trative method has been followed. 
However, a court may use state em- 
ployees as its water commissioners. 
As a water master does not have 
judicial powers and cannot define 
water rights, a definition of rights is 
required before a water master can 
function. The costs of administra- 
tion are usually assessed against 
water users, with state participation 
in some states. 


Interstate Streams 


Under our system of government, 
each state has jurisdiction over the 
waters within its boundaries but no 
direct jurisdiction within any other 
state. Our state boundaries were not 
determined by drainage areas and 
there are many interstate streams. 
Obviously an upper state cannot be 
allowed to use its waters without 
regard to the rights of lower states. 
To meet such conditions the federal 
courts are available to determine 
conflicts in use between the states. 
Federal court adjudication has been 
found, like state court adjudication, 
to be time consuming and expensive 
with the resulting decision based on a 
technical application of legal prin- 
ciples that is not always most advan- 
tageous to the states involved. 
Federal courts have generally adopted 
the principle of equitable apportion- 
ment of the available supply between 
the states, leaving the detailed division 
of the share of any state among the 
users in that state to the state con- 
cerned. 

A more direct procedure was found 
necessary for interstate streams as 
well as for streams within the states. 
This was found in the so-called inter- 
state compacts. The federal con- 
stitution provides that states may 
enter into compacts covering matters 
of joint interest. These compacts are 
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subject to approval by Congress be- 
fore they become effective. An inter- 
state compact is, in effect, a treaty 
between the states. Interstate water 
compacts have been held to be bind- 
ing and limiting on individual rights 
within a state. 

The compact method has largely 
replaced federal court adjudication 
for interstate streams. This state- 
ment applies to the apportioning of 
water on interstate streams in arid 
areas and to eastern streams where 
the subject of the compact may be 
either pollution or other forms of 
stream use. 

Both adjudication in federal courts 
and interstate compacts seem pref- 
erable to their alternative, which is 
complete federal control of interstate 
streams. Although no system of 
dividing an inadequate water supply 
among claimants to its use can be 
expected to work to the entire satis- 
faction of all concerned, the advan- 
tages of retaining local control in the 
states are considered to outweigh 
greatly any claimed benefits from a 
single federal jurisdiction over all 
streams. It is incumbent on _ the 
supporters of continued state control 
to insure effective operation if the 
establishment of federal control is to 
be prevented. 


Present Conditions and Future Needs 


On nearly all western streams, the 
extent of use has reached the point 
where the supply is less than the de- 
mand at least during parts of the year. 
This condition requires and has re- 
sulted in some form of definition of 
existing rights so that the streams can 
be administered so that each right 
can secure the use to which it is en- 
titled. Such adjudications and ad- 
ministration of appropriation rights 
have become well established and 
stabilized in the states where need for 
them has arisen. Further changes 
can be expected to be related to 
improvement in details rather than in 
fundamental principles. 

There are now many streams in the 
western states for which rights have 
been defined and service is effectively 
administered. These include the 
Snake River in Idaho and the South 
Platte River in Colorado where ex- 
tensive storage facilities have been 
constructed with the resulting com- 
mingling of natural flow and storage 
releases in the river channels. 

In surface waters, as use continues 
to approach the total supply, proj- 
ects for water development will 
continue to depend on regulation 
of the variable stream flows by stor- 
age. Closer administration will be 
required to meet the problems of 


determining the waters available for 
storage and of commingling the re- 
leased stored water with the natural 
flow. Since return flow will continue 
to increase, a more complete defini- 
tion of the character of rights to its 
use will be necessary for the many 
conditions under which it may occur. 
Transfers of water from the drainage 
area of origin to more valuable loca- 
tions are becoming more frequent. 
The definition of what preference, if 
any, is to be given to the areas of 
origin in securing the use of the re- 
maining unappropriated waters, is 
an active issue in some states. 

How can these problems be solved ? 
Surface waters are now being ad- 
ministered efficiently where condi- 
tions of use require effective super- 
vision. As the need arises on addi- 
tional streams, the same problems can 
be met by the application of present 
practices. No basic changes appear 
to be called for in the fundamental 
principles of the appropriation system 
or in the general administrative 
methods now being applied. Fur- 
ther definition and application of the 
basic principles to the increasingly 
complex conditions of use will con- 
tinue to be needed and can be readily 
provided. 

At present several western states 
fail to recognize the importance of 
adequate administration of the water 
rights on their streams. Often the 
head of the state agency in charge of 
administration of water rights, usu- 
ally an engineer, is not given con- 
tinuation of tenure and compensation 
commensurate with the value of his 
work to the state and the responsi- 
bilities of his position. Improve- 
ments in these conditions are needed 
if the states are to meet their re- 
sponsibilities in water matters. 


Ground Water 


The development of the systems of 
title to the use of ground water has 
paralleled that for surface supplies 
since both have resulted from cus- 
toms in areas of earlier use. In the 
case of ground waters the early courts 
had difficulty visualizing the nature 
of the supply for which they were 
attempting to establish rights. 

In England ground waters were 
regarded as a part of the property of 
the surface landowners similar to the 
soil or underlying rock. Under strict 
English common law there could be 
no injury to others by the use of 
ground water because any use was 
within the right of the overlying 
owner to the property under his land. 
This rule was transplanted to our 
eastern states. 
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With the increased use of ground 
water, conflicts necessarily arose. The 
courts were reluctant to depart from 
the certain and easily applied English 
rule into any new field where decisions 
would be required on factual matters 
then poorly understood. Just a little 
more than 100 years ago an eastern 
court (Roath v. Driscoll, 20 Conn. 
533, 1850) stated, in discussing 
ground water: 


It rises to great heights and moves col- 
laterally, by influences beyond our appre- 
hension. These influences are so secret, 
changeable and uncontrollable, we cannot 
subject them to the regulations of law, nor 
build upon them a system of rules, as has 
been done with streams upon the surface. 


In spite of the difficulties involved, 
the cases where inequity occurred 
from the application of the English 
rule gradually forced the courts to 
modify this rule. Variations include 
the adoption of the rule of malice 
under which an overlying owner may 
not take ground water from his land 
merely because of malice toward his 
neighbor. Also, excessive taking for 
commercial sale which injured others 
has been restricted in some states. 
These were merely the first steps that 
led to legal recognition that ground 
water moved underground and that 
extensive taking affected the supply 
on adjacent lands. Eventually the 
courts in several eastern states 
adopted the so-called American rule 
under which overlying owners have 
varying degrees of correlative rights 
in the common ground-water supply. 

Extensive use of ground water 
in California beginning about 1900 re- 
sulted in the need for a definition of 
the principles applicable to the title 
to its use. A system of correlative 
rights was adopted under which de- 
velopment has proceeded at a rapid 
rate. The experience in California, 
and in other states with extensively 
developed ground-water supplies, has 
furnished a background on which the 
merits of the different systems of title 
to ground water can be tested. 

In California all persons owning 
land over a ground-water supply 
have equal rights in securing an equi- 
table part of the available supply. 
Except for conditions where adverse 
use may have ripened into a pre- 
scriptive right, priority among over- 
lying owners is not recognized. If 
the ground-water supply exceeds the 
reasonable needs of the overlying 
owners, the surplus may be taken 
for non-overlying use. For distant 
takers, priority governs relative rights. 

This system has been in use for 
nearly 50 years in California with 
some amplification of its details but 
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without change in its fundamental 
basis. A recent decision (City of 
Pasadena v. City of Alhambra, 207 
P 2d 17) recognized what has been 
termed mutual prescription for both 
overlying owners and distant takers, 
under which the available supply in 
an overdrawn basin was prorated 
among all established users of both 
types. The general effect of this 
decision will depend on the extent to 
which its principles may be applied in 
other areas and under other con- 
ditions. 

Other western states have found it 
necessary to define the basis of title 
to the ground water in their areas. 
New Mexico has adopted a system 
of limitation on draft from artesian ba- 
sins where the state engineer finds the 
safe yield is being fully used. Idaho 
follows a system of appropriation for 
all ground waters as well as for sur- 
face streams. Arizona has very re- 
cently reconsidered the basis of 
title applicable to ground-water use 
(Bristor v. Cheatham, 240 P 2d 185, 
decision of January 12, 1952—-rehear- 
ing granted later). 

Although the legal principles re- 
lating to surface and ground waters 
are different in many states, physi 
cally these two types of water supply 
may be closely related. The law 
of surface waters is applied to sub- 
terranean streams where they can 
be identified. The former rule that 
a subterranean stream must have 
definable bed and banks has been 
broadened to include the subflow 
of a stream where withdrawal from 
the subflow increases the perco- 
lation from the stream. Some 
streams receive their flow as influent 
seepage from the adjacent ground 
water. In other cases the ground 
water has its source in the effluent 
flow from the streams. Thus it is 
difficult to adjudicate equitably be- 
tween the users of these two types of 
water supply. Adjustments in such 
cases can be made more readily if the 
same basic principles are used for 
both surface and ground waters. 

There are few extended ground- 
water areas in the arid states in which 
the naturally available ground-water 
supply is sufficient to meet the de- 
mands of the ultimate consumption 
of its service area. Unless the out- 
come is to be left to economic com- 
petition, with the less efficient plants 
dropping out as pumping lifts in- 
crease, workable methods of defining 
rights and controlling use will have 
to be found and applied. 
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The general situation regarding 
the regulation of ground waters is 
similar to that for surface streams 
except that it is more difficult to 
determine and regulate the available 
supply. On surface streams the num- 
ber of users is generally limited, and 
the available supply is accessible for 
measurement. When the draft on a 
surface stream exhausts the supply, 
the result is evident. For ground 
water there may be several thousand 
individual users drawing on a supply 
where overdraft may become known 
only by its effects after it has occurred 
for some time. Ground-water users 
generally obtain their supply from 
within their own land areas and are 
accustomed to regarding withdrawals 
as matters of their own choice. Both 
the physical and the human problems 
in regulating ground-water use are 
much more complex than those for 
surface streams. 

The principles relating to the rights 
to the use of ground water in Cali- 
fornia have been adequately defined 
yet recognized overdrafts are occur- 
ring without any attempts to apply 
these principles through judicial pro- 
cedure. Ground water has a rela- 
tively high value and a continuation 
of overdraft without seeking to secure 
limitations on ground-water use must 
represent some failure in the effec- 
tiveness of the principles or in the 
procedure for their enforcement. 

This situation exists because of 
the difficulty in defining the condi- 
tions to which the principles of law 
can be applied rather than because of 
any lack of definiteness or reasonable- 
ness in the principles themselves. 
To secure judicial relief it is necessary 
to define the area of overlying land, 
the extent of its existing supply, the 
present extent of use, and the reasen- 
able needs of the existing users. 
The burden of the proof of these 
items is so great, the resulting cost of 
ground-water litigation so high, and 
the outcome so uncertain that, except 
in a few instances, the users in Cali- 
fornia areas have preferred to let 
economic competition take the place 
of general adjudication. Overdraft, 
if continued, results in increased 
lifts with the less economic uses 
being forced to give way and to 
abandon their operation. This situa- 
tion occurred in some areas during the 
1930’s but has been offset in recent 
years by the increased prices re- 
ceived for irrigated crops. In time, 
the forced reduction in draft will re- 
duce the use to the average replenish- 
ment but the process leaves all 
surviving users subject to the pump- 
ing lift at which such abandonment 
occurred. Limitation of draft at the 
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beginning of development to the 
average replenishment would have 
caused the same result as to the 
amount of permanent use with the 
advantage of maintaining a much 
lower pumping lift. 

The preceding comments apply 
particularly to areas of ground-water 
draft in the San Joaquin Valley. 
Here the areas supplied from th 
different sources of replenishment are 
indefinite and overlapping. It is 
difficult to prove that draft in one 
part will produce a definable effect 
in another part of the area. Relief 
has been sought by importing ad- 
ditional water supplies. In fact, the 
Central Valley Project had ground- 
water replenishment for its main in- 
centive. Relief will, in turn, be a 
temporary solution unless further 
increases in use are regulated in some 
form. The consumptive needs of the 
areas available for irrigation exceed 
both local supplies and the importa 
tion from the present Central Valley 
Project. 

There has been extended litigation 
in California over ground water, but 
this has been mainly between indivi- 
duals or small groups and there have 
been no general adjudications of entire 
ground-water areas. In Southern 
California one such judicial decision 
has been made and another one is 
under way. In both these instances 
the areas in question have ascertain- 
able boundaries. 


Probable Trend in Ground-Water 
Regulation 


The increased knowledge of ground- 
water hydrology and the increased 
efficiency of pumping equipment are 
resulting in a rapid increase in the use 
of ground water wherever it is avail- 
able in the western states. This trend 
is forcing and will continue to force the 
adoption of methods for the regulation 
of ground-water use. 


In spite of the administrative 
complexities involved, public interest 
will insist on some means by which 
short-lived developments based on ex- 
cessive overdraft can be avoided. It 
will be to the best interests of both 
the ground-water consumers and the 
public in the different western states 
if the solutions of these problems are 
worked out within the background of 
existing legal principles and with 
full consideration of the views and 
interests of the present users. The 
solutions reached do not need to be 
uniform in the different states any 
more than the policy for surface 
streams needs to be uniform. 
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How Much Can Established 
Systems of Water Law 
Be Changed? 


Water rights are real property and 
a. system of title to the use of water 
when once adopted may not be 
chenged if the change results in the 
taking of existing property rights 
without due process of law. Due 
process of law means taking for a 
public use and payment for the value 
of the property taken. 

Because of the relatively large 
values created by the use of water in 
arid areas, it is impracticable to make 
radical changes in a system of title to 
the use of water once it has been 
confirmed in any area to such an ex- 
tent that compensation must be paid 
to established rights. Values will 
have become fixed by the time de- 
velopment has proceeded far enough 
to demonstrate the need for change. 
No reversals in the system of water 
law requiring compensation have been 
made in any state after any given 
system has once become legally recog- 
nized. 

The foregoing conditions do not 
mean, however, that principles of 
water law, when once adopted, be- 
come so rigid that modifications may 
not be made as need for change 
develops. All property is subject 
to reasonable regulation. Restric- 
tions can be placed on the use of 
private property if necessary to 
prevent injury to others. Such re- 
strictions come within the scope of 
what is termed the “exercise of the 
police power.’’ The police power is 
not limited to the field of water law. 
Building and zoning ordinances in 
cities are well-recognized examples of 
the exercise of the police power. 


Restrictions in the 
Public Interest 


Use of property may be restricted 
without compensation even if the 
usefulness of the property so re- 
stricted is reduced, provided the ac- 
tions are in the public interest and are 
required for the benefit of the public. 
The changes now being made in our 
water laws mainly come within 
the scope of regulation of existing 
rights in the public interest. They 
are subject to determination by the 
courts as to whether or not the pro- 
posed regulation is non-discrimina- 
tory and a reasonable exercise of the 
police power. In some instances the 
courts have modified the basis of 
title used in early development where 
it was held that the early basis had 
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not been established to the extent 
that its change constituted a taking 
of property. 

California furnishes an example of 
two methods of amending the earlier 
systems to meet later needs. When 
experience showed that the legisla- 
tively adopted system of riparian 
rights was blocking the effective 
use of surface waters, a constitutional 
amendment was passed in 1928 
making all uses of water subject to 
reasonableness. Under the inter- 
pretation of this amendment by the 
courts, riparian Owners are now pro- 
tected in their established riparian 
titles but use under such titles must 
be reasonable in relation to methods 
and amounts. This decision is an 
example of modifying an established 
system of title to the use of water by 
a police-power regulation on its appli- 
cations. 

Ground-water use in California 
also furnishes an example of a change 
from an early practice to a different 
basis of title where the early practice 
had not become fully established. 
Early California cases involving 
ground water were not extensive and 
did not involve matters of widespread 
effect. When use of ground water 
did become extensive about 1900, it 
was realized that a different rule from 
that used in early cases was required 
if equitable results were to be secured 
and full development of the ground 
water was to be obtained. The 
courts recognized this condition and 
in a thoroughly argued and carefully 
considered case (Katz v. Walkinshaw, 
141 Cal. 116) held that previous cases 
had not fixed a system of title to 
ground water in California. The 
court then proceeded to consider 
and to adopt the system which it 
found would best meet the needs 
of the state. 

For some matters in the field of 
water law, determination of the basis 
of use has been so incomplete that 
the courts can now find support for 
material changes without encounter- 
ing constitutional prohibitions against 
the taking of property without due 
process of law. In certain western 
states the use of ground water has not 
reached the point where controver- 
sies have resulted in a full definition 
of the nature of title to its use. In 
such instances the courts may still 
be free to approve the adoption by 
statute or constitutional amendment 
of the system now considered to be 
adapted to the needs of such states. 
Utah, which in 1935 changed from a 
form of correlative rights to an ap- 
propriation system for percolating 
ground water, is an example in this 


field. 


Water Rights for 
Federal Projects 


Water law in the western states 
developed on the basis of local con- 
struction of local projects. Local 
forms of public organizations, such as 
irrigation districts, provided for the 
construction and management of 
water projects. There was practi- 
cally no direct undertaking of water 
resources development by the Federal 
Government until the passage of the 
Reclamation Act in 1902. To date 
there has been only limited direct 
construction of state water projects 
by any of the western states. 

The entry of the Federal Govern- 
ment into the water field as a pro- 
prietor of new projects introduced 
many new problems. It was recog- 
nized that it was necessary for 
federal projects to comply with the 
same conditions for the acquirement 
and use of water that applied to other 
owners. Section 8 of the original 
Reclamation Act required the govern- 
ment to follow state procedure to 
obtain water rights for its irrigation 
projects. This principle has been 
continuously in effect. 

The Federal Government has al- 
ways exercised control over navigable 
streams under the commerce clause 
of the federal constitution. To avoid 
conflict between the use of water to 
sustain navigation and its use for 
consumptive purposes, such as irri- 
gation, the 1944 Flood Control Act 
made navigation in states lying 
wholly or in part west of the 98th 
meridian subordinate to the use of 
water for beneficial consumptive pur- 
poses. 

It would appear that these pro- 
visions would be adequate to require 
federal water projects to conform 
with the system of water law in each 
state. Even on the earlier federal 
projects, some difficulties arose as 
federal agencies could, and in nearly 
all cases did, conduct litigation re- 
garding federal projects in the federal 
courts. 

Over the years, as federal programs 
covering water projects have been 
expanded, federal agencies, restive 
under their obligation to follow state 
laws, have sought to establish free- 
dom from restraints. Various 
theories have been developed for this 
purpose. In several cases, although 
admitting that the Federal Govern- 
ment must recognize existing rights, 
federal agencies have contended that 
the Federal Government still had the 
right to withdraw unappropriated 

(Continued on page 242) 
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Progress in earth-dam design and 


construction in the United States 


Earth-dam design and construction 
is one of the oldest branches of civil 
engineering endeavor. However, the 
aim here is not to explore the origin 
of this branch but rather to outline 
the progress made in it in the United 
States in the past century. 

The most rapid improvement in 
both design and construction proce 
dures has been made since the intro 
duction of soil mechanics, which 
caused the rule-of-thumb methods 
previously used to give way to pro- 
cedures based on sound theoretical 
principles. Safe and economical dams 
and appurtenant structures can now 
be built on a wide variety of founda 
tions, and embankments can be com 
posed of almost any type of soil or 
rock, with full assurance that satis- 
factory performance will result. 

Inadequacies which developed in 
early earth dams designed by rule-of- 
thumb methods forced engineers to 
the conclusion that the design of em 
bankments could not be based on a 
simple base-to-height ratio as em 
ployed for concrete gravity struc 
tures. Experience confirms the fact 
that an earth dam with its appurte- 
nant structures must be tailor-made to 
fit each individual location. Stereo- 
typed plans invariably result in in 
adequate as well as uneconomical proj 
ects. 

Although our knowledge during the 
past twenty-five years has developed 
greatly, failures still occur. The 
major reasons why we continue to be 
plagued with unsatisfactory perform 
ance of earth dams were aptly 
summed up by the late Joel D. Justin,' 
M. ASCE: 
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Unfortunately there is a feeling among 
many people that the design and construc- 
tion of earth dams are matters so simple 
that anyone can handle them. Men who 
employ experts to audit their books will 
sometimes entrust the design and construc- 
tion of an earth dam, on the safety of which, 
perchance, their very lives and fortunes 
may depend, to anyone at all without in 
quiring into his competency 


The public must be brought to 
realize that an earth-dam project 
must be under the direction of an ex- 
perienced engineer. Small dams must 
not be eliminated from this stipula- 
tion, since the two failures which 
caused the greatest loss of life and 
property were of structures less than 
50 ft high. Failure of the Mill River 
Dam in 1874, which was only 43 ft 
high, is an outstanding example. Al- 
together, 143 lives were lost and prop- 
erty damage totaled over $1,000,000 
although the project cost only $34, 
000. No engineers were employed in 
its design and construction. William 
E. Worthen,? Hon. M. ASCE, a 
member of the investigating com- 
mittee, aptly concluded that “a man 
cannot make a dam by instinct or in- 
tuition.” 

A study has been made of inade- 
quacies of earth dams in both design 
and construction, bringing up to date 
the studies made by Justin,' the 
Pennsylvania Power Committee,’ and 
others. The list of 206 structures in 
North America includes not only 
those usually classified as partial or 
complete failures, but all*those on 
which remedial work, not contem- 
plated in the original contracts, was 
necessary. Dams in the United 


September 


States in this list, which have shown 
inadequacies since 1914, are included 
in Table I. The complete list is 
available from the writer on request. 
Tables II, III, and IV summarize 
various phases of the study. 

The categories of partial or com 
plete failure given in Table II will 
now be examined in detail. 


Overtopping 

There are two major reasons why 
the spillways of early dams were in 
adequate. First, data on rainfall and 
stream runoff were very meager. 
Second, engineers failed to recognize 
the amount of risk involved in the 
occurrence of an unprecedented flood. 

Deficiencies in data still constitute 
a problem to be considered; how 
ever, they can hardly be an excuse for 
inadequate design today in the con 
tinental United States. Experience 
has shown that under-designed spill 
ways present too great a hazard in 
most cases for enginers to design for 
anything less than the maximum 
probable flood. 

Usually the possible loss of life and 
property damage which would result 
from overtopping is so great that a 
calculated risk cannot be tolerated 
For example, failure of the South 
Fork Dam (Johnstown Flood) in 1889 
resulted in the loss of 2,280 lives and 
property damage of over 3 million 
dollars, whereas the dam cost only 
$167,000. 

Gail A. Hathaway, Past-President 
of ASCE, has pioneered the increase 
in our knowledge and the develop 
ment of better methods of computing 
spillway design floods. He has in 
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sisted on eliminating the calculated 


risk premises of design. If the meth- 
ods for computing the maximum 
probable flood and the required free- 
board as outlined by Hathaway and 
Cochran in Engineering for Dams* 
are followed, a structure safe from 
overtopping is assured. 

Failures due to overtopping, as 
noted by Tables III and IV, are 
reasonably well distributed. The 
grouping of failures between 10 and 
20 years after construction, as shown 
in Table III, is probably due to the 
fact that the design was generally 
based on a storm having approxi- 
mately this frequency of occurrence. 
Seepage 

The famous “‘creep’’ theory and the 
crude principle of “‘inclosing’’ the 
saturation (phreatic) line within the 
embankment have given way to sound 
soil mechanics principles of seepage 
control. Darcy’s law, developed 
about 1850, forms the basis for all 
modern methods of seepage analysis. 
The flow-net method of analysis, 
pioneered in this country by Casa- 
grande,’ is now widely used. The 
first published attempt to rationalize 
seepage under dams was made by 
Koenig in 1911. He attributed fail- 
ure to buoyed-up particles at the 
seepage exit. 

One of the earliest seepage model 
studies was made by Colman in 
1916.’ Following shortly thereafter, 
Hays presented a paper* on the use of 
seepage models in the design of dams. 

Seepage through embankments is 
usually controlled by proper zoning of 
the available embankment materials. 
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An ideal embankment section is one 
composed of a relatively narrow cen- 
tral impervious core (Fig. 1, section a) 
supported by well-graded, free-drain- 
ing shells of pervious material. The 
free-draining upstream material as- 
sures the safest and most economical 
slopes which can be designed to protect 
against drawdown forces. The pervi- 
ous downstream section, with an ade- 
quate transition or filter zone, insuresa 
low saturation line and full control of 
through seepage. Hydraulicand pud- 
dle core fills with sand and gravel shells 
were the earliest dams of this type. 

Great progress has been made in 
the design of earth dams on deep per- 
vious foundations. In the early days 
earth dams were limited principally 
to sites where positive cutoffs to an 
impervious stratum could be obtained. 
It is believed that the Gatun Dam 
was the first large dam to be con- 
structed over a deep pervious founda- 
tion without a positive cutoff. The 
design was based on a long path of 
seepage and a downstream rock drain- 
age toe. The principle now widely 
used of designing an impervious up- 
stream blanket and downstream 
drainage (Fig. 1, section d) was first 
proposed by Hays in 1917.* 

Design methods based on theoret- 
ical seepage analyses are now avail- 
able for determining the optimum 
width of impervious blankets’ and 
provisions for downstream relief 
wells.” In stratified pervious de- 
posits which include the bulk of nat- 
ural formations, relief wells have 
been found to give most satisfactory 
results at a low cost. 

Positive control of seepage through 


Typical successful earth structure built to 
protect a highly developed valley trom tloods 
is Youghiogheny Dam located above city of 
Con/luence, Penn. It is constructed of shale 
trom spillway excavation in combination with 
overburden clays. 


the embankment and foundation is an 
essential requirement in earth-dam 
design. Uncontrolled seepage, re- 
gardless of the amount, should not 
be tolerated. Seepage through the 
embankment is controlled by a per- 
vious zone having the required gra- 
dation to form a stable filter. This 
zone may take the form of a pervious 
downstream section, a horizontal or 
inclined pervious drainage blanket, 
or a toe drain. See Fig. 1. Proper 
filter characteristics of all the mate- 
rials involved in foundation and em- 
bankment are essential to prevent 
piping and thereby to insure a safe 
structure. Terzaghi, in an unpub- 
lished report, and Bertram"! were the 
first to establish satisfactory filter 
criteria. 

Foundation seepage is preferably 
controlled by a positive impervious 
cutoff to an impervious stratum with 
a drainage blanket or trench to collect 
whatever seepage may occur through 
the bedrock and embankment. Where 
a positive cutoff cannot be obtained, 
careful design of a relief-well or toe- 
drainage system together with an 
upstream impervious blanket is neces- 
sary. Steel sheetpiling, used ex- 
tensively in early earth-dam construc- 
tion, cannot be depended on to re- 
duce seepage appreciably. At Fort 
Peck Dam,'* although the steel sheet- 
pile cutoff was driven entirely through 
the pervious foundation, pressure 
from seepage through the cutoff de- 
veloped a 40-ft hydrostatic head 
above the ground surface at the 
downstream toe and relief wells had 
to be installed. At Denison Dam in 
Texas, steel sheetpiling was also in- 
effective in reducing seepage. 

In addition to normal seepage 
through the soil mass, the pervious 
zone should be adequate to control 
seepage from a crack which might de- 
velop through the impervious zone. 
To provide greater protection against 
formation of cracks, at least the center 
portion of the impervious zone should 
be compacted on the wet side of opti- 
mum placement moisture so that this 
mass will be plastic and will not con- 
solidate further when completely 
saturated. Cracks through dams 
have long been recognized as a prob- 
lem and have probably been the cause 
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of many “piping” failures, but only 
recently has a complete study been 
made by Sherard,'* sponsored by the 
Bureau of Reclamation, on the per 
formance of dams from this stand 
point. 

Permeability tests to determine the 
seepage characteristics of different 
soils were first conducted indepen- 
dently by the Massachusetts State 
Board of Health and D. C. Henny 
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(Oregon) in 1907. It was the earlier 
concept that the slope of the satura- 
tion line was governed by the ma- 
terial. As late as 1930, many dams 
and levees were designed on the basis 
of containing the saturation line. 
Progress in this field was rapid in the 
1930's. It is believed that the piping 
phenomenon mentioned by Koenig in 
1911° was first comprehensively 
treated by Harza in 1936."* 


sterner eer 
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Conduits 


Unsatisfactory performance of con- 
duits has been due principally to the 
following three deficiencies in design 
or construction: 

Piping along conduit due to absence of 
seepage collars, or poor ce™naction around 
conduit 

Failure of conduit due to unequal settle- 
ment where pipe was supported on piers or 
where settlement was uneven 





TABLE I. 


DATE 

Names or Dam anv Location Built Failed 
Anaconda, Mont 1898 + 1938 
Apishapa, Colo 1920 1923 
Balsam, N. H 1927 1929 
Belle Fourche, S. Dak 1911 1933 
Calaveras, Calif 1918 
Davis Reservoir Calif 1914 
Dry Creek, Mont 1939 
Elk City, Okla 1925 1936 
Fairview, Mass 1922 
Fort Peck, Mont. 1938 
Fruit Growers Res., Colo 1898 1937 
Garza, Tex 1926 1926 
Goose Creek, S. C. 1903 1916 
Half Moon Bay, Calif 1926 
Hebron, N. Mex 1913 1914 

1942 
Horse Creek, Colo 1911 1914 
Horton, Kans 1924 1925 
Killingsworth, Conn 1938 
Lafayette, Calif 1929 1928 
La Fruta, Tex 1930 1930 
Lake Dixie, Tex 1940 
Lake George, Colo 1914 
Lake Toxaway, N. C 1902 1916 
Linville, N. C 1919 1919 
Lock Alpine, Mich 1926 
Lower Otay, Calif 1897 1916 
Lyman, Ariz 1913 1915 
Mammoth, Utah 1912 1917 
Maquoketa, Iowa 1924 1927 
Marshal! Creek, Kans 1937 
Martin Davey Dam, Tex 1940 
Mission Lake, Kans 1924 1925 
Mohawk, Ohio 1913 

1915 
Mount Lake State Park, Minn 1937 1938 
New Bowman, Calif 1927 1928 
Peapack Brook, N. J 1928 
Pleasant Valley, Utah 1928 
Providence, R. I 1816 1916 
Puddingstone, Calif 1926 
Schenectady, N. ¥ 1916 
Scofield, Utah 1926 1927 
Seluda, S. C 1930 1930 
Sepulveda, Calif 1914 
Sheffield. Calif 1925 
Short Creek, Ark 1939 
Sinker Creek, Idaho 1910 1943 
Standley Lake, Colo 1911 1916 
Table Rock Cave, S. C 1927 1928 
Turlock Irrig., Calif 1914 
Virgin River, Nev 1929 
Wagner, Wash 1918 1938 


Wister, Okla 1951 
Wise River, Mont 1927 


ASCE Proc 
ASCE Trans 


* ENR = Engineering News-Record 
EN = Engineering News 
ER Engineering Record 


Unsatisfactory Performance of Earth Dams in United States, Since 1914 


RereRence* Heicut Tyre REASON FOR UNSATISFACTORY PERFORMANCE 
ENR, vol. 121 Earth, concrete core Overtopped 
ENR, vol. 91 115 Earth, rolled Piping through settlement cracks 
ENR, vol. 54 60 Earth, concrete core Erosion from spillway 
ENR, vol. 111 122 Earth, rolled Drawdown slide, concrete slope paving failure 
ENR, vol. 80 240 Hydraulic Excessive core pressure 
EN, vol. 72 39 Earth, rolled Piping around outlet 
ENR, vol. 122 46 Earth, rolled Piping 
ENR, vol. 116 30 Earth, rolled Overtopped 
ENR, vol. 89 30 Earth, rolled Piping 
ENR, vol. 121 250 Hydraulic Foundation slide 
ENR, vol. 118 36 Earth, rolled Seepage slide 
ENR, vols. 94, 100 80 Hydraulic Core pressure slide 
EN, vol. 76 22 Earth, rolled Overtopping 
ENR, vol. 96 80 Earth, rolled Overtopping 
ER, vol. 69 56 Earth, rolled Piping through dam 
ER, vol. 69 Overtopped, not repaired 
EN, vol. 71 56 Earth, rolled Piping 
ENR, vol. 95 34 Earth, rolled 
ENR, vol. 121 18 Earth, concrete core Overtopping 
ENR, vol. 54 140 Earth, rolled Foundation slide during construction 
ENR, vols. 105 61 Earth, rolled Foundation piping 
106, 107 
ENR, vol. 125 Earth, rolled Overtopped 
ASCE Prox Earth, rolled Piping 
vol. 49 
ENR, vol. 94 62 Barth, rolled Seepage 
ER, vol. 74 
ASCE Trans 160 Hydraulic Core too flat 
vol. 84 
ENR, vol. 96 25 Earth, rolled Settlement upon being saturated 
EN, vol. 75 130 Rock, concrete core Overtopping 
EN, vol. 73 65 Earth, rolled Piping 
ENR, vol. 79 70 Earth and hydraulic Overtopped during construction 
ER, vol. 66 
ENR, vol. 98 20 Earth, rolled Piping at junction with concrete spillway 
ENR, vol. 119 80 Earth, rolled Foundation failure during construction 
ENR, vol. 125 Earth, rolled Overtopped 
ENR, vol. 95 Earth, rolled Settlement with overtopping 
EN, vol. 73 18 Earth, rolled Overtopped 
EN, vol. 73 18 Earth, rolled Settlement and seepage 
ENR, vol. 120 , Earth, rolled Overtopped 
ENR, vol. 54 170 Rock Break in outlet tunnel—repaired 
ENR, vol. 100 32 Earth, rolled Overtopped 
ENR, vol. 100 63 Earth and rock Piping through settlement cracks 
EN, vol. 45 17 Earth and rock ‘ 
ENR, vol. 96 Hydraulic Overtopped during construction because of 
clogged outlet 
EN, vol. 76 30 Earth, rolled Overtopped 
ENR, vol. 100 62 Earth and rock Transverse cracking and piping into rock 
ENR, vol. 104 208 Hydraulic Core pool lost during construction 
ER, vol. 74 65 Earth, concrete core Overtopped 
ENR, vol. 95 30 Earth, rolled Earthquake 
ENR, vol. 122 57 Earth and rock Overtopped during construction 
ENR, vol. 113 70 Hydraulic and earth Seepage slide 
ENR, vol. 78 113 Hydraulic Core too large--slides during and after con 
struction 
ENR, vol. 100 140 Earth, rolled Broken outlet pipe 
56 Leakage around outlet 
ENR, vol. 103 120 Earth, rolled Poor design and construction 
ENR, vol. 120 50 Hydraulic Spillway failure 
90 Earth, rolled Piping 
ENR, vol. 99 Rarth, rolled Overtopping 


ASCE Proceedings 
ASCE Transactions 
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Failure of conduit due to inadequate 
strength to resist earth pressure 

In current design all these deficien- 
cies have been corrected. Seepage 
collars are provided on all conduits 
and compaction of the fill around the 
conduit is most carefully controlled. 
Anticipated settlement is closely esti- 
mated and the conduit is designed 
for this settlement. Wherever prac- 
tical, conduits are placed on rock to re- 





TABLE fl. Causes of inadequacies 


of Earth Dams Summarized 


Cause or ParTIaL or CompLert PERCENTAGE 





(c) Upstream impervious 


Transition or 
filter zone 
where required 
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duce settlement to a minimum. Pres- 
ent structural design criteria are 
generally very conservative. 

It is not expected that conduits 
will be a source of unsatisfactory per- 
formance in the future. Past ex- 
perience indicates that if trouble with 
a conduit occurs it will be within the 
first few years after construction (see 
Table III). New designs are suf- 
ficiently conservative to insure satis- 
factory performance. It should be 
noted from Table IV that there have 
been no conduit failures in the past 20 
years. 


Slides 


Rational methods for determining 
the stability of earth slopes were slow 
in developing because of the lack of 





FAILure or Toran adequate testing apparatus and pro- 
1. Overtopping - 30 cedure, and of adequate analytical 
2. Seepage . 25 th d 
3. Slides . . 15 metsous. st lec 
4. Conduit leakage 13 Bell’s paper” in 1914 and Cain’s”® 
& Giege peving. ~ in 1916 are believed to be the first 
6. Miscellaneous 7 - ° ° 
7. Unknown ‘ published works in this country on 
TABLE Ili. Relation of Failure to Age of Structure, in 
Percentage of Total Number of Structures 
No, or 
VRARS Cause or Dirricutty 
AFTER ————_—_— —_———_ - 
COMPLETION Overtopping Conduit Leakage Seepage Slides 
o- 1 9 23 16 29 
- &£ 17 50 34 24 
5- 10 9 9 13 12 
10- 20 30 9 13 12 
20— 30 13 5 12 12 
30- 40 10 4 6 11 
40— 50 i) 0 6 0 
50-100 3 0 0 0 





TABLE IV. Chronological Distribution of Failures 


CALENDAR OVERTOP- ConpbvuItT SLIDEs, Tora.* 
Vear PING, % Seerpace,% Leakace, % % 0/1 
1850-1860 0 0 0 0 0 
1860-1870 0 0 7 0 1 
1870-1880 0 6 7 0 3 
1880-1890 6 1 11 3 
1890-1900 12 il 21 3 13 
1900-1910 23 19 18 16 17 
1910-1920 22 25 18 23 21 
1920-1930 14 13 18 26 16 
1930-1940 11 8 0 23 10 
1940-1950 4 6 0 3 8 
1950 3 8 0 3 1 
* Includes all inadequate dams even though cause of unsatisfactory perform 


ance was not determined 
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tests made to determine the strength 
of soils. Following this work, there 
was a gap of almost 20 years before 
shear testing was applied generally 
to earth-dam construction. Hatch’s 
paper” in 1934, Jurgenson’s® in 
1934, and Gilboy’s” in 1936 were 
probably the first published works 
covering the concerted efforts in the 
United States toward soil testing for 
strength determinations essential for 
use in slope stability studies. 

Outstanding progress has been 
made since this earlier work by prac- 
tical testing on the job such as that at 
Muskingum and Fort Peck dams re 
ported by Philippe® and Middle- 
brooks,*! and the extensive research 
work conducted in university and 
government laboratories. Probably 
the most comprehensive research was 
conducted at Harvard, M. I. T., and 
the Waterways Experiment Station 
under the direction of the Corps of 
Engineers and reported by Rutledge.” 
The best and most up-to-date treat- 
ment on soil testing can be found in 
publications by Casagrande and Fa- 
dum,?* Lambe,** and the Bureau of 
Reclamation.* Knowledge and tech- 
niques on soil testing are adequate for 
the satisfactory solution of all prac- 
tical problems. 

Terzaghi’s paper” in 1929 was the 
first attempt in the United States to 
outline a theoretical method of slope 
stability determination. Rapid de- 
velopment was made in the 1930's, 
reaching a climax about the time of 
the Second Congress on Large Dams 
held in Washington, D. C., in 1936, 
and the First International Con- 
ference on Soil Mechanics held in 
Boston in the same year. Outstand- 
ing papers on stability, using the 
Swedish circular-arc method, during 
this period were presented by Gil- 
boy,”’ Casagrande,** Terzaghi,” and 
Taylor.” Charts for slope stability 
presented by Taylor at that time are 
still widely used for preliminary ex- 
amination of slope stability. 

Also during the 1930's there was in 
process of development a truly scien- 
tific method of analysis, as differen- 
tiated from the empirical circular-arc 
method, based on the application 
of the theory of elasticity. The first 
papers presenting this method were 
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and rock-f£.ll dams and masonry dams are 
compared with general price index accord- 
ing to Snyder-Tucker (1913 = 100 percent). 
Unnumbered points are for individual dams. 
Numbered points have special signilicance, 
as follows: (1) average of 15 western proj- 
ects; (2) average of 90 contracts over entire 
United States; (3) average of 21 contracts 
over entire United States. 


FIG. 3. Buford Dam is outstanding ex- 
ample of present tendency to store large part 
of spillway design flood, using emergency 
spillway in form of unpaved cut through low 
saddle. In this case it was $5,000,000 
cheaper to raise earth dam 40 ft to take ad- 
vantage of favorable saddle in left abutment 
than to build concrete ogee spillway in 
river at lower level. Project will provide 
100 percent flood protection since at maxi- 
mum storm only small discharge passes over 
spillway. 


Philippe,** and Middlebrooks*® in 
1936. The general reaction at that 
time was one of astonishment that 
any engineer would seriously consider 
soil sufficiently elastic to apply this 
theory. All the research conducted 
since that time has added strength to 
the contention of the proponents of 
this method that, although soil is not 
perfectly elastic, its stress-strain char- 
acteristics are such that stresses com- 
puted by this theory are sufficiently 
accurate for most practical problems. 

Liquefaction of cohesionless soil as 
a problem in the design of dams was 
first published in this country by 
Casagrande*® in 1936. There was a 
tendency at this time to classify some 
normal shear failures as flow slides. 
A notable example was the Fort 
Peck slide** which occurred in 1938. 
The first reaction of some engineers 
was that it was a flow slide due to 


FIG. 4. Kanopolis Dam is 


liquefaction of the hydraulic fill, 
After extensive investigation, the 
consulting board concluded that the 
slide was ‘“‘due to the fact that the 
shearing resistance of the weathered 
shale and bentonite seams in the 
foundation was insufficient to with- 
stand the shearing forces to which 
the foundation was subjected.”’ It 
is generally accepted at the present 
time that for a cohesionless soil to 
liquefy and cause a flow slide it must 
be very loose and uniform. Even 
with only a moderate degree of com- 
paction of uniform sands, there is no 
danger of a flow slide in a dam, and 
there is no record of a slide being 
caused by liquefaction of the founda- 
tion sand under an earth dam. 


Types of Construction—Rolled Fills 


The compacted fill is the oldest type 
of earth-dam construction. Wagons 
and scrapers were the principal means 
of placing the material in the earliest 
dams built in this country. In most 
cases compaction was obtained during 
the normal hauling operations by 
spreading the material in thin layers. 
The South Fork Dam in Pennsyl- 
vania built in 1853 is a good example 
of the best construction practices at 
that time. The specifications® for this 
dam were excellent considering that 
they were written 100 years ago. 
Some of the essential features of the 
South Fork specifications provided 
for placement in layers, compaction 
with carts and wagons during normal 
hauling operations, and prohibition 
of barrows, chutes, and railway equip- 
ment. Scarifying of foundation and 
lifts was required; stones over 4 in. 


typical of projects designed with unpaved 


spillway which will have more frequent use than that at Buford Dam, Fig. 3. 
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in diameter were excluded; down- 
stream rock fill was required to be 
“of such nature as to resist the de- 
composing action of air, frost and 
water’; the use of a transition zone 
between rock and rolled earth was re- 
quired, the earth to ‘‘be composed of 
best watertight material within 1/4 
miles of dam” and the core to be pud- 
dled if necessary to obtain an up- 
stream impervious zone. 

Compaction as an essential feature 
in earth-dam design and construction 
received only periodic acceptance be- 
fore 1900. However a pamphlet* 
published by Engineering in 1868 and 
a paper by McAlpine® in 1877, stress- 
ing the importance of compaction in 
layers, were major steps in the de- 
velopment of an awareness of the 
need for special compaction equip- 
ment. 

Use of special rollers for compaction 
has developed steadily since the first 
heavy smooth roller was used about 
1860. About 1905, the sheepsfoot 
roller was first used in the Western 
States and this started a gradual but 
general recognition of compaction as 
an essential feature of earth-dam con- 
struction. However, wide acceptance 
of compaction and moisture control 
was not realized until the early 1930's. 
From its introduction until the late 
1940's, efforts were devoted to im- 
proving the sheepsfoot roller as a 
compaction unit. During this period 
the smooth roller was abandoned and 
the size of the sheepsfoot roller was 
increased from a total weight of 10,- 
000 Ib for a double drum roller 
to approximately 42,000 Ib. The 
heavy roller was first used by the Los 
Angeles Flood Control District and 
shortly thereafter was adopted as 
standard equipment by the Bureau 
of Reclamation for the compaction of 
cohesive soils. 

The latest trend in roller develop- 
ment is the medium weight (50,000- 
to 100,000-Ib) four-wheel rubber- 
tired roller, the specifications for 
which were developed by the Corps of 
Engineers under the direction of Ber- 
tram. All earth construction con- 
tracts of the Corps of Engineers per- 
mit the contractor to use either a 
42,000-lb double drum _ sheepsfoot 
roller or a 100,000-Ib (25,000 Ib per 
wheel) rubber-tired roller for the com- 
paction of cohesive soils. The rub- 
ber-tired roller is specified for the 
compaction of cohesionless _ soils. 
Specifications are usually written to 
allow layer thicknesses approximately 
twice those allowed for sheepsfoot 
rollers with one-half the number of 
passes. Experience to date indicates 
that the rubber-tired roller generally 
gives somewhat greater density at a 
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saving of 2 to 5 cents per cu yd. 
Larger savings are realized in rocky 
soil where removal of oversize stones 
is an expensive operation. In these 
soils the rubber-tired roller permits 
placement in 18- to 24-in. layers. Itis 
predicted that the rubber-tired roller 
will gradually replace the sheepsfoot 
for compaction of all types of soil. 
Moisture control, long recognized 
as an important feature in embank- 
ment construction, has orly in recent 
years received the attention it de- 
serves by reason of its importance in 
the stability of the structure. In the 
sarly years of earth-dam construc- 
tion, puddling was the favored 
method for placing the core, the rest 
of the dam being placed at the nat- 
ural moisture content or with only a 
moderate degree of moisture con- 
trol. Shortly after the turn of the 
century, Bassel* and Schuyler® were 
active supporters of moisture control. 
The Proctor” test revolutionized the 
moistureand compaction control of em- 
bankments. At present there are two 
schools of thought, one favoring com- 
paction on the dry side of optimum 
moisture to eliminate high pore pres- 
sures, and the other favoring com- 
paction on the wet side of optimum to 
prevent cracking, which may develop 
continuous seepage passages. Based 
on experience with earth dams and 
levees placed on the dry side of opti- 
mum, the Corps of Engineers favors 
placement of all earth-dam embank- 
ments on the wet side of optimum and 
requires that the core or central por- 
tion of the impervious section be 
placed at a moisture content and den- 
sity which will not allow any addi- 
tional consolidation on saturation. 
Use of these criteria usually results in 
placement of the core material 
well on the wet side of optimum mois- 
ture. Full consideration must be 
given in the stability analysis to the 
pore pressure that will be developed. 
Hilf,*' in reporting on work of the 
Bureau of Reclamation, outlined a 
method of estimating these pressures. 


Hydraulic Fills 

The hydraulic-fill method is exclu- 
sively an American development and 
was pioneered by Schuyler, Howells, 
and Gerig. The first hydraulic-fill 
methods were adapted from hydraulic 
mining processes. Dorsey’s*’ paper 
in 1886 proposing the use of mining 
methods in excavation and _place- 
ment of fills is the first published work 
in this field. It is believed that 
Anderson* in 1893 was the first to 
propose the use of a sluiced fill for a 
dam. Howells" in 1895 was probably 
the first to build a hydraulic-fill dam. 
Schuyler®.* probably was the first to 


propose construction methods based 
on actual experience. 

After several failures due to ex- 
cessive core pressures, there was a 
trend toward extremely flat slopes. 
Schuyler considered this trend un- 
justified and pointed out in his 1907 
paper“ ‘‘that in his experience there 
was no reason for building a dam of 
greater dimensions because the ma- 
terial was placed by hydraulic meth- 
ods.”’ Hazen in his article” in 1919 
stated, ‘‘If core material can be fully 
drained and consolidated, there is no 
reason why a dam built by the hy- 
draulic method on a section that is 
suitable for an earth dam built dry 
should not be safe.”’ 

Holmes** in 1921 was probably the 
first to consider soil characteristics in 
the design. Paul’s paper” in 1922 
was the first comprehensive coverage 
of problems relating to the core. 
However, it was over ten years later 
before rational testing and analytical 
methods were proposed. Gilboy’s 
papers®*' in 1933 and 1934 clearly 
outlined the principles involved in 
hydraulic-fill dams and proposed a 
method of determining the stability of 
the shells which is still widely used. 
Hatch in his paper” proposed meth- 
ods of tests for hydraulic-fill materials 
which were most useful at that time. 

When designed and constructed in 
accordance with the latest soil me- 
chanics practices, the hydraulic fill will 
give equally as satisfactory a per- 
formance as the rolled fill. Immedi- 
ately after the Fort Peck slide in 1938 
there was a tendency to discount the 
hydraulic fill. However, after full 
data became available from the slide 
investigation, it was shown that the 
slide was due to a weak foundation, 
and not to the hydraulic fill. Never- 
theless there have been no new hy- 
draulic-fill dams constructed since 
Fort Peck, Sardis, and Knightville 
dams, which were completed by the 
Corps of Engineers over ten years 
ago. A number of potential hydrau- 
lic-fill dams have been investigated 
in recent years, but all have proved 
more costly than the rolled fill. The 
improvement in earth excavating, 
hauling, and compaction equipment 
has reduced the cost of rolled fills 
to such a degree that hydraulic fills 
cannot compete unless circumstances 
are exceptionally favorable. 

Rock Fills. The rock-fill dam has 
given the most satisfactory perform- 
ance of all types. There is no record 
of a major rock-fill dam breaching 
from any cause other than overtop- 
ping. Attention is invited to the 
fact that only a few rock-fill dams ap- 
pear in the compilation of failures in 
Table 1. 
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Rock-fill dams constructed with 
an impervious upstream earth sec- 
tion do not have as satisfactory a 
performance record as the plain rock 
fill with an impervious facing. Fre- 
quent piping of the earth fill into the 
rock fill has been due to inadequate 
transition zones. Modern dams hav- 
ing an upstream impervious earth 
section, a sloping or a central core 
have an excellent performance record 
since the transition zone is carefully 
designed and constructed. 

Settlement of rock fills is slight, 
averaging less than 1.0% of the 
height. Under present construction 
practice these fills are sluiced with 
1.0 to 2.0 cu yd of water per cubic 
yard of rock when dumped, or where 
soft rock is used in construction, they 
are compacted with heavy rollers. 

Core Walls and Cutoff Walls. 
The earliest dams constructed in this 
country followed the English prac- 
tice of using a puddled clay core. 
Because of the low stability and the 
difficulty of placing the puddled core, 
it was replaced first by a masonry, 
and later by a concrete, core wall. 
The concrete core wall was never gen- 
erally accepted. Experience showed 
that these walls invariably cracked 
and failed to provide the desired 
watertightness. Instead of follow 
ing the practice of some foreign engi 
neers of providing a puddled clay 
layerforwatertightnessupstream from 
the concrete core wall and a filter 
layer downstream to prevent loss of 
the puddled clay through the cracks, 
the American engineers gradually 
changed to rolled earth cores. Ap 
parently, the last concrete core wall 
was constructed in this country 
about 25 years ago. It is believed 
that there are no conditions which 
justify the use of a concrete core 
wall in a modern earth- or rock-fill 
dam. 

Concrete cutoff walls, extending 
above the rock foundation from 5 
to 50 ft into the earth core, are still 
used to a limited extent. The cutoff 
walls are merely carryovers from the 
concrete core wall, and it is expected 
that their use will be discontinued in 
the near future. Preferred practice 
in modern dam design and con- 
struction is to place the core directly 
on the rock or impervious foundation. 
The width of core at the contact is 
usually about 25 percent of the net 
head and special care is taken in place- 
ment of materials in the contact zone. 


Slope Protection 
Riprap has been the material most 


generally employed for upstream 
slope protection since the earliest 
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dams. Other methods have been 
tried, but few have been as successful 
or as economical. On the Santee 
Cooper Dam** the porous concrete 
slope protection, which seemed to 
have much promise, deteriorated in a 
few years to such an extent that it 
had to be replaced with riprap in the 
active pool zone. The articulated 
concrete slabs used on the Kingsley 
Dam** failed during the first major 
storm, because the sand fill was pulled 
out from behind them. It is pos- 
sible that this articulated concrete 
slope protection would have been 
satisfactory had an adequate filter 
layer been placed under it, as the de- 
sign required. Continuously rein- 
forced concrete slabs have been in- 
stalled on some western dams,** and 
their performance has been entirely 
satisfactory. 

Until a few years ago very little 
progress had been made in establish- 
ing design requirements for riprap. 
It was fairly general practice to place 
dumped riprap 3 ft thick on all dams 
regardless of exposure, fetch, or slope, 
and to consider that 18 in. of hand- 
placed riprap was equivalent to 3 ft 
of dumped riprap. 

Since slope protection is a major 
item of cost in the construction of 
earth dams, the Corps of Engineers 
instituted a performance survey in 
1946 covering the bulk of the major 
dams in this country, and pub- 
lished a report® in 1949. The high- 
lights reported are: riprap require- 
ments as to thickness and size of 
stone are very conservative; hand- 
placed riprap is not as satisfactory 
as dumped riprap; and a filter layer 
underneath riprap is essential. The 
latest riprap requirements for em- 
bankments used by the Corps of 
Engineers vary from a 12-in. thick- 
ness (maximum 200-Ib stone) where 
wave height is less than 2 ft, to a 
30-in. thickness (maximum 2,500-Ib 
stone) where the wave height is 8 ft. 
Use of these requirements has re- 
sulted in substantial savings in earth- 
dam projects. 

The above requirements apply to 
slopes steeper than 1 on 5. Addi- 
tional work is needed to determine 
the slope-protection requirements for 
slopes between 1 on 5 and beach 
slopes of lon 15 to 20. At the pres- 
ent time the thickness, size, and 
quality of riprap are arbitrarily re- 
duced when flatter slopes are in- 
volved. 

None of the theories at present 
available are adequate for computing 
riprap thickness and size; however, 
it is anticipated that a more scientific 
approach will become available in the 
near future. 


September 1952 e 





Earthquakes 


Performance of earth dams during 
earthquakes has been more satisfac- 
tory than is generally assumed. In 
the 1906 San Francisco earthquake no 
earth dam was seriously damaged al- 
though three water supply dams were 
in the area of highest intensity. These 
dams* were Temercal, Pilarcitos, and 
San Andreas. The San Andreas Dam 
was adjacent to the San Andreas 
fault, and although there was a dis- 
placement in the abutment, which 
sheared the outlet conduit, the dam 
was not seriously disturbed The 
steepest downstream slope on these 
dams was 1 on 2?/;. All these dams 
were on relatively strong foundation 
materials. 

The only earth dam in this country 
on which there is a positive record of 
failure during an earthquake is the 
Sheffield Dam near Santa Barbara, 
Calif. It was thought by some that 
this failure was a typical foundation 
flow-slide failure due to liquefaction 
of fine sand or silt, set off by the 
earthquake. A special study of this 
dam was made by the Corps of Engi- 
neers and a report” issued in 1949. 
The conclusions are: (1) failure was 
due to a weak zone in the foundation; 
(2) the 1 on 2'/, downstream slope 
had a factor of safety of less than 1.0 
when a factor of 0.10g was included 
as a horizontal force in the stability 
analysis. The foundation was com- 
posed of clayey sand and sandy silt 
overlying sandstone. There was no 
stripping of the foundation nor any 
drainage provided under the down 
stream slope. 

It is the policy of the Corps of 
Engineers®* to check the design of all 
earth dams in areas subject to earth- 
quakes to be certain that the factor of 
safety is greater than 1.0 when earth- 
quake forces are applied. In check- 
ing the stability, it is recommended 
that factors of 0.05g be used for earth 
dams on rock foundations and 1.10g 
for those on weak soil foundations 


Costs 


Cost data have been reviewed and 
the results included as Fig. 2 to show 
the general trend in the past century. 
Only the three major items—earth 
fill, rock fill, and masonry or con 
crete—have been included. Earth 
fill prices vary widely depending on 
the material, the job, and the location 
and for that reason there is consider 
able scattering of the points. Never- 
theless, it is evident that over the past 
100 years, earth-fill costs have re 
mained constant or have shown a 
slight decrease, while at the same time 
the general price index has increased 


CIVIL ENGINEERING 








during 
itisfac- 
d. In 
ake no 
red al- 
iS were 
These 
S, and 
s Dam 
ndreas 
a dis- 
which 
e dam 
The 
these 
dams 
lation 


untry 
ord of 
is the 
rbara, 
3 that 
lation 
action 
y the 
f this 
Engi- 
1949. 
e was 
ition; 
slope 
in 1.0 
luded 
bility 
com- 
y silt 
is no 
* any 
own 


»s of 
of all 
arth- 
‘or of 
arth- 
1eck- 
nded 
-arth 
1.10 
s 


and 
show 
ury. 
arth 
con- 
urth- 
y on 
tion 
der 
ver- 
past 

re 








from a low of about 70 in 1895 to a 
high of about 195 today. This is a 
tribute to the equipment and con- 
tracting industries and the role they 
have played in improving excavating, 
hauling, and compaction equipment 
and construction techniques. 

Masonry prices have shown a 
steady increase in the past 50 years, 
paralleling a reasonably close increase 
in the price index, which has now 
reached about 2'/, times the low of 
1895. 


A Look Into the Future 


Spillways. Even in this modern 
age overtopping of earth structures 
can be expected. Older structures 
not designed by the new concepts will 
eventually be hit by an wumnprece- 
dented storm which will exceed the 
capacity of the spillway and failure 
will occur. Also, new structures are 
still being built with under-designed 
spillways, and following the laws 
of probability some of these dams will 
also be overtopped. The writer rec- 
ommends most strongly that the 
spillway capacity and freeboard re- 
quirements on all old dams be re- 
viewed in the light of modern theory 
and knowledge, and that the dams be 
raised or the spillways enlarged to 
accommodate the maximum probable 
flood without overtopping. The engi- 
neers responsible for such dams in 
both public and private ownership 
should not wait for failures to force 
these changes by an aroused public 
opinion. It is predicted that the 
under-design of spillways will not be 
tolerated in the future on any dams 
where loss of life and heavy property 
damage might result. 

It is further predicted that, in the 
not too distant future, spillways will 
be safely and economically designed 
and constructed over earth dams. 
The foundation afforded by a modern 
compacted embankment is superior to 
many of our natural earth abutment 
foundations. Settlement can be elim- 
inated as a problem by constructing 
the fill to a predetermined surcharge 
elevation and allowing time for con- 
solidation to occur before construct- 
ing the spillway. 

In view of the high cost of rein- 
forced concrete structures and the 
demand for complete protection 
against overtopping, it is predicted 
that the use of formal concrete spill- 
ways will be reduced to a minimum. 
More and more dams will be designed 
to store a large part of the spillway 
design flood, and an emergency spill- 
way, consisting only of a concrete 
sill in an unpaved cut remote from 
the dam, will prove satisfactory in 
view of its infrequent use. 


The Corps of Engineers has many 
such dams planned or under con- 
struction. The Buford Dam on the 
Chattahoochee River now under con- 
struction is an outstanding example 
of this type of construction (Fig. 3). 
In this case it was 5 million dollars 
cheaper to raise the earth dam ap- 
proximately 40 ft to take advantage 
of a favorable saddle in the left abut- 
ment than it was to build a concrete 
ogee spillway in the river at a lower 
level. This project will provide 100 
percent flood control, since only a 
small discharge passes over the spill- 
way with the occurrence of the maxi- 
mum probable storm. 

The Kanopolis Dam (completed 
in 1947) is a project typical of an 
unpaved spillway which will have 
more frequent operation (Fig. 4). 
Other dams of similar design are 
Blakely Mountain near Hot Springs, 
Ark., Cherry Creek Dam near Den- 
ver, Colo., Bayou Bodcau near 
Shreveport, La., Buffalo Bayou near 
Houston, Tex., several of the Musk- 
ingum group of dams in Ohio, and 
the Merced group of dams in Cali- 
fornia. The Bureau of Reclamation 
has several dams with similar design, 
and many small earth dams are being 
constructed by the Soil Conservation 
Service with unpaved spillways. 

Seepage. It is predicted that in 
future designs made under the direc- 
tion of experienced engineers, seep- 
age will be eliminated as a source of 
possible trouble. Failures from this 
source will be rare since most old 
dams have been tested, and new dams 
will be designed to control all leakage 
through the dam as well as through 
the foundation and abutments. How- 
ever, some failures can be expected 
of old dams that have not yet been 
subjected to the maximum reservoir 
level. Relief wells will be widely 
adopted for foundation seepage con- 
trol because of their efficiency and 
economy. Proper zoning of available 
material, or use of thin drainage 
blankets, will be generally adopted as 
the most economical means of con- 
trolling seepage through dams. 

Conduits. Modern design and con- 
struction of conduits assure that no 
new failures will occur from this 
source. Adequate wall thickness 
eliminates the danger of collapse. 
Rubber water stops and collars at all 
joints protect against leakage into or 
out of a conduit. Seepage collars 
and careful compaction of backfill as- 
sure that detrimental leakage will not 
occur along the conduit.  Stilling 
basins are added where necessary to 
eliminate any troublesome scour. 

However, conduits designed by pres- 
ent criteria are unnecessarily con- 
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servative, and in many cases add a 
burdensome cost to the project. It 
is predicted that the structural design 
of reinforced concrete conduits will be 
drastically revised with the result that 
structures will be both more eco- 
nomical and safer. It is further pre- 
dicted that on more and more dams, 
particularly the smaller projects, still- 
ing basins will be omitted. The dis- 
charge end of the conduit will be so 
designed that scour will not cause 
excessive maintenance or serious ero- 
sion. It is interesting to note that 
there is no record of a dam failing, or 
of serious trouble developing, as a re- 
sult of scour from this source. Con- 
siderable economy can be realized 
on earth-dam projects by giving care- 
ful consideration to these overlying 
features of conservative design. 
Stability. Our present knowledge 
is such that stability should be elim- 
inated as a future source of inade- 
quate design on all new projects. 
Our knowledge is adequate to design 
for any known condition. It is there- 
fore up to the engineer to obtain 
adequate data on embankment and 
foundation conditions and then to 
apply our present knowledge cor- 
rectly. Some trouble from slides in 
old dams that have not been fully 
tested can be expected, as is evident 
from the percentages in Table IT. 


Criteria for Design and Construction 


Based on past experience and our 
present knowledge of design, the fol 
lowing criteria are considered essen- 
tial for the construction of an earth 
dam which will be unquestionably 
safe: 


1. Spillway capacity and freeboard 
should be sufficient to prevent overtop- 
ping when the maximum probable flood 
occurs. 

2. Foundation and embankment 
should not be overstressed in shear. 

3. Seepage through dams should be 
controlled by proper zoning of materials 
or the use of pervious drains. The use of 
pipe drains within the embankment sec 
tion should be avoided. 

4. Foundation seepage should be 
controlled by positive means such as an 
impervious cutoff to bedrock (not sheet- 
piling), or seepage controlled at exit 
downstream by relief wells or a drainage 
trench. 

5. Conduits should be conservatively 
designed to prevent collapse, leakage 
from or into the conduit, and seepage 
along the conduit. 

6. Slope protection should be provided 
to the crest of the dam to protect against 
breaching of the embankment during a 
major storm. 

7. At least the central portion of the 
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impervious section should be compacted 
to a density that will not produce settle 
ment on saturation 


S. Careful design and construction 
should assure that there are no continuous 
seepage passages, such as might be caused 
by failure to bond and properly com 
pact succeeding layers; by allowing zones 
or layers of pervious materials to extend 
through the embankment by failure 
to properly bond the embankment to 
the foundation; or by failure to provide 
a tight contact between the earth fill and 
concrete structures 


%. Development of cracks in the em 
bankment due to foundation or fill settle 
ment should be avoided by proper con 
sideration of slopes of abutments, river 
banks, and closure sections and by proper 
placment of fill material. Special atten 
tion should be given to the core or central 
part of the impervious section to assure 
that the mass will be sufficiently plastic 
to deform without cracking 


Some dams may not meet all these 
criteria, and based on past experience 
their safety is questionable until fully 
tested by time and high reservoir 
levels. On the other hand, it can 
be stated that any dam which does 
meet all these criteria will have an 
adequate margin of safety against 
unsatisfactory performance. 

Each year an increasing percentage 
of the dams constructed in the United 
States are built of earth. This in- 
crease in the number of earth dams is 
due principally to three major factors: 


1) The science of soil mechanics has 
developed to the extent that equal con 
fidence can be placed in the performance 
of earth dams as comnvared to other types 

”) The cost differential between earth 
and concrete construction favors earth 
and will undoubtedly continue to do so. 

3) Sites most adaptable to the con 
struction of concrete dams have largely, 
been exploited leaving only those locations 
where great quantities of material must 


be used in construction. For these rea 
sons, it can safely be predicted that 75 
percent of future construction will con 
sist of earth- or rock-fill dams. 


Full realization of the earth-dam 
potential is seriously handicapped 
by the lack of general design engi- 
neers who are experienced in the 
layout of earth-dam projects and 
soil mechanics engineers. Engineer- 
ing students and practicing civil 
engineers are urged to study soil me- 
chanics and to seek experience which 
will add to their knowledge of earth- 
dam design and construction in order 
that the present shortage and the 
anticipate! demand in the future 
for experienced engineers in this field 
can be met. 


(This article is based on the paper pri 
sented by Vr Widdlebrooks hefore a Soil 
Wechanics and Foundations Division Ses 
sion presided over by R. F. Blanks, chair 
man of the Division's Executive Committee, 
at the Centennial Convention in Chicago 
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Reiuse collection and disposal is a 
significant problem in urban society, 
not only because of its physical mag- 
nitude, but also because the health, 
welfare, and esthetic character of a 
metropolitan area are intimately as- 
sociated with the refuse removal 
operation. Increased urbanization 
and a general improvement in the 
standard of living have accentuated 
the problem as one of community 
responsibility. 

Since the 


work of Hering and 


Greeley, Collection and Disposal of 


Municipal Refuse, published in 1921, 
little has been done toresolve the prob- 
lem of refuse collection into its com- 
ponent operations and to develop a 
rational approach to the economic 
analysis and design of refuse collection 
systems. Most of the data reported 
by Hering and Greeley pertained to 
the collection of municipal refuse in 
horse-drawn wagons or carts, which 
were commonly employed at that 
time. 

Because of the apparent need for 
basic engineering data regarding mod- 


Municipal 


refuse collection practice 


analyzed 





Field investigations dealing with the problem of municipal refuse collection were conducted 
by the writers during 1950 and 1951 in 13 cities of California, as part of the activities of the 
University of California's Sanitary Engineering Research Project. The objectives of the in- 
vestigation were to resolve the refuse collection operation into its component unit operations 
and to evaluate the magnitude of these operations, to study the physical characteristics of 
collection systems, and to develop methods of economic analysis and design of municipal 


refuse collection systems. 


Results of work-method studies of more than 200 refuse collection trips are presented, and 
nomographic charts developed for determining labor requirements and fixed, operation, and 


maintenance costs of refuse collection. 


A rational method for estimating the cost of refuse 


collection is developed. Application of the nomographic method of economic analysis and 
design of refuse collection systems is illustrated by a sample design problem. 


ern refuse collection and disposal 
practices, the Sanitary Engineering 
Research Project at the University of 
California at Berkeley, undertook a 
series of studies of the overall refuse 
problem. The principal objectives 
of this investigation were: 


|. To study existing refuse collection 
practices and to resolve the manpower re 
quirements into their component parts. 

2. To evaluate the merit and economy 
of various collection practices, such as the 
size and type of the collection vehicle; the 
number of collectors per vehicle; the 
number of trips per day for a given haul 
distance; and the use of curb, alley, or 
rear-of-house pickup. 

3. To obtain basic data necessary for 
the analysis and design of collection sys- 
tems such as unit refuse production, 
labor requirements for various unit opera 
tions of collection, truck operation cost 
data, and characteristics of the haul opera- 
tion. 

1. To determine the interrelationships 
of many aspects of the overall problem, 
such as the effect of curb, alley, or rear 
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of-house collection on labor requirements; 
and the effect of haul mileage on haul 
speed. 

5. To develop nomographs for the 
ready evaluation of labor costs of refuse 
collection, as well as the fixed, operation, 
and maintenance costs of refuse collection 
equipment. 


Many of the data collected in this 
investigation necessarily apply only 
to California conditions; however, 
the general method of analysis of the 
unit operations of refuse collection, as 
well as the rational economic design 
of collection systems, are valid 
throughout the nation. 


The Collection Operation 


The collection operation, including 
the round-trip haul to the disposal 
site, constitutes the largest single por- 
tion of the total cost of the refuse 
activity. For purposes of review and 
analysis, it is generaily convenient to 
classify the activity under three main 
divisions of collection, disposal, and 
administration. The cost of collec- 


(Vol. p. 711) 127 








TABLE I. 


Unit Production of Combined 


Garbage and Refuse in 13 California Cities 


Data Obtained July-September, 


1950 and 1951 








Unit PRopuUCTION 


COLLECTION (VoL_ume) 
Num FREQUENCY, Resi — Unit PrRopucrion 
BER PERCENT DENTIAL Cu Yd Cu Ft POUNDS PER 
or —~ PIcKuUPs, per per — ———— 
Tries Once Twice Percent Service Capita Service Capita 
IN per per or per per per per 
Crry Samete Week Week Torat Week Day Week Day 
Group I:* 
Berkeley 24 oy l 96 0.110 0.136 27.4 1.25 
Fresno. 35 60 35 s4 0.110 0.120 34.1 1.52 
Lodi 13 96 2 81 0.092 0 122 39.8 1.95 
Oroville 10 65 i8 76 0.0895 0.114§ 34.0 1.62 
Palo Alto 2 68 21 73 0.150 0.192 36.0 1.70 
Sacramentot 12 68 25 69 0. 060§ 0.073§ 23.0 1.03 
Santa Rosa 12 93 6 82 0.0785 0.1005 32.0 1.63 
Stockton 14 75 18 85 0.100 0.113 32.5 1.36 
Avg., Gr. I 78 16 81 0.099 0.122 32.3 1.51 
Group II:* 
Bakersfield 27 0 i) SS 0.157§ 0. 180§ 67.4 3.01 
Riverside 23 0 99 80 0.1118 0. 138§ 41.3 1.90 
Watsonville 23 0 93 91 0.0875 0.113§ 32.3 1.55 
Avg., Gr. Il 0 97 89 0.118 0.147 17.0 2.15 
Group III:t 
Burbank 91 0.145 0.178 88.9 4.05 
Long Beach 73 0.226 0.316 80.1 4.15 
Avg., Gr. Ill 82 0.186 0.247 84.5 4.10 


* Combined collection 

t Data collected during Dec 

t Separate collection: Garbage 
Refuse and rubbish 


1950 


§ Mechanical packer 


tion averages approximately 84 per- 
cent of the total cost of the refuse 
activity in the 13 California cities in- 
cluded in this investigation, all of 
which employ some form of land dis- 
posal. It should be pointed out that 
one important reason for reviewing 
and analyzing the collection operation 
is that frequently economies can be 


TABLE Il. Unit Production 
of Commercial Refuse 
in Eight California Cities 


Excluding Garbage and/or 
Commercial Swill 





Unit Propuction 


Cu Vd Pounds 
per per 

Service Service 

City per Week per Week 
Bakersfield 0.60 252 
Berkeley 1.19 240 
Fresno .. 1.76 246 
Riverside 2.04 343 
Sacramento . 0.90 339 
Watsonville 2.63 358 
Average 1.52 296 
Burbank 0.57 162 
Long Beach . 0.53 86 
Average ... 0.55 124 
Average of total . 1.28 253 
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not significantly different from summer data 
twice per week, includes commercial swill 
once per week 


effected in refuse collection practice 
which will amount to more than the 
cost of disposal by the sanitary land- 
fill method. 

Classification of Refuse. The 
classification of solid and semi-solid 
municipal wastes is fundamental to 
the design of a refuse collection and 
disposal system. The classification 
should be based on a suitable method 
of disposal determined by the eco- 
nomic, physical, and climatological 
characteristics of the area, and on a 
logical collection plan for the disposal 
method. For purposes of this in- 
vestigation, the following classifica- 
tion has been adopted. 

Refuse is the generic term which 
includes all solid and semi-solid muni- 
cipal wastes. There are four principal 
subclassifications of refuse, which are: 


1. Garbage. The solid or semi-solid 
waste material resulting from the prep- 
aration and consumption of foodstuffs. 
The term commercial swill refers to that 
portion of this material which is produced 
by restaurants, cafeterias, boarding houses, 
etc., and which may be of suitable quality 
for use as animal food. 

2. Domestic or Residential Refuse. The 
heterogeneous mixture of waste material 
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from the household, including such mate- 
rial as rags, bottles, tin cans, clothing, 
cartons, and papers. 

3. Commercial Refuse. The heteroge 
neous mixture of waste material from com 
mercial. or business establishments, in 
cluding such material as rags, bottles, tin 
cans, wooden boxes and crates, cartons, 
and varying amounts of cardboard, pack 
ing, and paper, which may be subject to 
separate collection. 

4. Rubbish. Large and bulky waste 
material such as tree and yard trimmings 
old furniture, building or concrete debris 
children’s large toys, rubber tires, etc 
which does not lend itself to regularly 
scheduled collection. Ashes, which might 
be included as rubbish, do not constitute a 
significant proportion of refuse in Cali 
fornia. 


Some classifications of refuse sub 
classify the material as combustible 
or non-combustible. Since most 
cities in California use some form of 
land disposal and employ combined 
collection of garbage and residential 
refuse, it is of little value to make any 
distinction as to the combustible na- 
ture of the refuse. Similarly, the 
distinction between what may be 
called ‘domestic’ or “‘commercial’ 
refuse and ‘rubbish’ (subject to 
special collection) may be based on 
the quantity involved rather than on 
the character of the material. For 
example, in some cities, combined 
garbage and domestic refuse, the lat- 
ter including small amounts of grass 
cuttings or yard trimmings, is ac- 
cepted by the collection agency, but 
the placing of yard trimmings in the 
container in sufficient amounts to con- 
stitute the major portion of its con- 
tent is prohibited. Large amounts of 
yard trimmings are, therefore, classi- 
fied as rubbish and as such are subject 
to special collection, for which a sup- 
plemental fee is generally charged. 

Field Investigations. The litera- 
ture in the field of refuse collection 
and disposal is replete with unit cost 
figures which, though they may illus- 
trate the magnitude of the problem 
in a given area, are not suitable for 
use in comparing the relative effi- 
ciency and economy of operation of 
two different systems. Many in- 
fluencing factors, often virtually im- 
possible to evaluate without work 
methods studies, must be considered 
when interpreting cost figures. 

Field investigations were con- 
ducted during the summer months of 
1950 and 1951. Field personnel con- 
sisted of two teams of two men each, 
who were assigned to refuse collection 
vehicles for the purpose of recording 
all data pertinent to the collection 
operation. In addition, one field in- 
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vestigator was placed at the disposal 
site to record data such as the number 
of cubic yards delivered, time use of 
equipment, and general operational 
procedures there. 

The field personnel accompanying 
the collection crews recorded the 
quantity of refuse collected, the num- 
ber, type, and location of containers, 
and the time required to perform the 
individual activities comprising ref- 
use collection. The pickup opera- 
tion was divided into time on the 
truck, and time spent by the collector 
on private property, in walking on 
the street, at the refuse container 
while transferring its contents to a 
transfer can, in the actual loading 
operation, in waiting, and in resting. 

One member of the field crew on 
the collection vehicle followed one 
refuse collector for a period of 10 to 15 
minutes, then changed to another 
collector for a similar period, observ- 
ing the time required for each opera- 
tion by means of a stop watch. It 
was thus possible to evaluate quanti- 
tatively the activities of a “com- 
posite’ collector without timing each 
individual continuously. Such work- 
method studies permit the resolution 
of the labor requirements of refuse 
collection into units of man-minutes 
per ton of refuse collected. 

Unit Operations. The collection 
operation may be subdivided into the 
four unit operations of pickup, haul, 
off route, and at disposal site. Pickup 
includes the time consumed during 
the actual collection of refuse from 
the premises, and consists of the net 
working time from the pickup of the 
first container until the last container 
of refuse is loaded on the collection 
vehicle. /iaul designates the time 
required for the round trip to the dis- 
posal site and is measured from the 
time of pickup of the last container on 
the collection route until the collec- 
tion vehicle returns to the first con- 
tainer of the succeeding route, exclud- 
ing the time spent unloading or wait- 
ing at the disposal site. Off-route 
time includes such activities as organ- 
ized rest periods; time out for smok- 
ing, eating, refreshments, personal 
reasons, contacting residents and 
supervisors; and other miscellaneous 
activities not devoted to the other 
three operations but which entail 
group participation on the part of the 
entire collection crew. It does not 
include a formal lunch period. A/ 
site includes the time spent unloading, 
and waiting to unload, the refuse at 
the disposal site. 

Refuse Production. Table I re- 
ports the unit production of combined 
garbage and refuse in the 13 Cali- 
fornia cities investigated in this study, 
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TABLE Ill. Average Labor Requirements for Pickup Operation, Man-Minutes 
per Ton of Combined* Refuse Collected, for 13 California Cities 
NUMBER Resi REAR-OF PICKUP 
or MEN DENTIAL House TIME, 
PER Cot PICKUPS, PIcKUPS Tons MAN 
LECTION PERCENT PERCENT PER MINUTES 
Crry POPULATION YAR Veutcie oF Totact or Torart,t Trip PER TON 
Bakersfield 42.000 1951 3 87 26 2.62 15 
Berkeley 113,217 1950 3 So 90 1.60 123 
1951 3 uy 100 2.08 ‘ 
Burbank 78,313 1950 
Garbage 3 “5 0 2.99 153 
Refuse 3 87 0 3.32 104 
acai 90.618 1950 2 82 32 2.06 126 
1951 2 90 41 1.97 117 
Lodi 13.727 1950 2.6§ 73 46 3 78 124 
1951 3 S4 62 4.34 141 
Long Beach 244 072 1950 
Garbage 2 06 0 1.45 107 
Refuse 2 66 0 1.63 06 
Oroville >, 460 1951 3 76 3 1.83 291 
Palo Alto 25,200 1950 2. 6§ &2 91 1.90 158 
Riverside 46,399 1950 2.38 83 833 2.16 160 
1951 2.5§ 06 71 2.46 167 
Sacramento 135.761 1950 2 7§ 69 71 2.70 157 
Santa Rosa 17.905 1950 2 82 8&5 2.15 155 
Stockton 71,660 1950 3.3 72 83 3.54 194 
1951 3 v0 v4 2.73 171 
~ ” * 9: 
Watsonville 11,516 1950 =.4 45 2.34 111 
1051 2 ug 87 2.19 165 
Average*® 2.6 82 74.3 2.47 148 
* Unless otherwise noted. 
t Percent of trips sampled —not necessarily representative of average for entire city 
} Remainder are either curb or alley or both 
§ Some 2 men, some 3 men 
Some 3 men, some 4 men 
© Excluding Burbank, Oroville, and Long Beach 
grouped according to frequency and use and rubbish, was only 124 Ib 


type of collection (combined or sepa- 
rate). It shows that the average unit 
production of refuse in eight Cali- 
fornia cities employing primarily 
once-per-week combined collection 
(Group I) was 32.3 Ib per service per 
week. The two cities in Group III, 
employing separate collection of gar- 
bage (including commerical swill), and 
refuse and rubbish, with twice-per- 
week collection of garbage and once- 
per-week collection for the remainder, 
had an average total refuse produc- 
tion of 84.5 Ib per service per week. 
The difference in refuse production 
may be attributed to differences in 
the extent of collection service ren- 
dered. The production figures re- 
ported for Group III, Burbank and 
Long Beach, include the commercial 
swill contribution, whereas all other 
cities exclude commercial swill. 
Table II reports a summary of the 
unit production of commercial refuse 
in eight California cities. The aver- 
age of six cities employing combined 
collection but excluding commercial 
swill was 296 Ib per service per 
week, whereas the average for Bur- 
bank and Long Beach, employing 
separate collection of commercial ref- 


per service per week. A partial ex- 
planation of the difference in pro- 
duction may be that in combined ref- 
use collection systems employing 
separate commercial swill collection, 
considerable amounts of commercial 
swill are included with the commer- 
cial refuse. Commercial refuse was 
usually collected six times per week. 

Labor Requirements. Table III 
reports the labor requirements for the 
pickup operation in the combined 
collection of garbage, residential, and 
commercial refuse in eleven California 
cities, as well as in Burbank and Long 
Beach where separate collection is 
practiced. The average pickup time 
for ten cities excluding Burbank, Long 
Beach, and Oroville, was 148 man- 
minutes per ton with a standard 
deviation of the mean of 23 man- 
minutes. The average pickup time 
for the 19S individual refuse collec- 
tion trips was also 148 man-minutes 
per ton, with a standard deviation of 
only 39 man-minutes per ton. In 
spite of the numerous variables which 
affect pickup time, such as container 
location (at rear of house or curb), 
service density, collection frequency, 
and type of collection vehicle, a nor- 
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TABLE IV. 


mal distribution and relatively minor 








we in the field data are to be noted. Average Labor Requirements for Pickup of TAB 
1e labor requirements for the Con 
pickup of commercial refuse in seven Commercial Refuse, for Seven California Cities 
California cities are listed in Table 
IV. The average pickup time of 136 ou 
man-minutes per ton for commercial 
refuse in the cities listed is only 
. “thy NUMBER 
slightly less than the 148 man-min- op Com Consens — T 
utes per ton average for the pickup MeN MERCIAL ALLEY Timi 
of combined garbage and domestic pm ee a = 
P OL- Percent Percent TONS MINUTES pe 
reluse. ; : LECTION OF oF PER PER zT 
The time devoted to the pickup City Year Ventcre Torac* Torar*,f Trip Ton ‘D 
operation averaged 70 percent of the Bakersfield 1951 ; 87 86 2 52 160 
total trip time for the eleven cities Burbank { see 3 4 100 2.13 127 = 
investigated, with a standard devia- pony a : yo -— <n a 
tion of the city averages of only 4.4 Riverside 1950 2 100 100 1.79 184 TAB 
percent. reer oo 3 a 2 4 a 4 ao 
Container Location. ‘The effect of ubinitehen mans : 
the container location on the pickup Average 2.6 96 90 2.19 136 
time is shown in Fig. |. The curve * Percentage of trips sampled—-not necessarily representative of average 
represents the statistical line of best for entire city. ‘ 
: . , ~ t Remainder are pickups from the street-—with container at rear of premises 
fit—or trend line—of the field data. ¢ Refuse and rubbish. 
The pickup time varies from approxi- M 
mately 103 man-minutes per ton = 
where all containers were at alley or 
curb, to 165 man-minutes per ton made without a careful study of in- per mile were grouped together. The 
where all containers were at rear of fluencingfactors. Itisapparent that figure indicates that pickup densities for 1 
house. The effect of container loca- two cities with comparable conditions between 30 and 180 services per mile port 
tion on the cost of collection can be for all factors, such as wage rates, have relatively little effect on the for t 
readily computed by using the pickup haul distance, and type of collection labor requirements of the pickup attri 
time-unit and the prevailing wage equipment, except the one of con- operation. However, at pickupdensi- | %™™ 
rate. For example, assuming an _ tainer location, may have widely _ ties less than 30 services per mile, the N 
average wage rate of $1.50 per hour varying unit costs. labor requirement increases markedly. mec] 
(2.5 cents per man-minute) and em- Pickup Density. Although the field Type of Collection Vehicle. A aget 
ploying the trend line in Fig. 1, the investigation did not specifically comparative analysis of the effi cud 
cost of labor for pickup of refuse at study the labor requirements of rural ciency of mechanical compaction- wens 
the curb or alley is approximately refuse collection, it is possible to ana- type collection vehicles and open- open 
$2.56 per ton, whereas for 100 percent _lyze the effect of population or pickup body trucks in the pickup of com- yd, 
rear-of-the-house pickup it is $4.15 density on the pickup requirements. bined refuse is given in Table V. It ratio 
per ton. The difference in cost of Figure 2 reports the relationship would appear that the open-body Re 
rear-of-house or curb and alley refuse between pickup time in man-minutes — truck is somewhat more efficient from actin 
collection is approximately $1.59 per per ton (percentage of city average) the standpoint of labor requirements tion 
ton. and the average pickup density in of the pickup operation. However, data 
The data presented in Fig. | illus- services per route mile. In preparing the average number of containers per type 
trate why a comparison of two differ- this figure, collection trips within a service was slightly greater for the havi 
ent collection systems should not be range of pickup density of 10 services mechanical-packer truck group than voy 
e | 
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PICKUP DENSITY—SERVICES PER MILE 


Pickup labor, per ton of refuse 
increases rapidly on sparsely 


settled routes, that is, on routes with less 
than 30 services per mile. 
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TABLE V. 


Comparative Analysis of Efficiency of Mechanical Packers and Open-Body Trucks in Refuse Pickup Operation 


Average of Field Data from Nine California Cities, 1950-1951 





UNIT 
PERCENT PERCENT Pickup DeNsITy Prckurp ONLY—MAN-MINUTES WEIGHT 
TOTAL NUMBER REAR-OF Resi or Reruss, 
NUMBER or Men House DENTIAL Services Containers Per Per Per Per LB PER 
Tyre or Truck or Trips per TrRucK PIcKUPS PIckuUPSs per Mile per Mile Ton Yard Service Container Cu Yop 
Mechanical packers 97* 2.7 65.8 88.6 76 103 159 34.2 2.24 1.59 440 
Open-body trucks 87Tt 2.5 65.4 87.2 69 70 135 21.4 1.84 1.73 323 
* Data from Bakersfield, Lodi, Riverside, Sacramento, Santa Rosa, and Watsonville. 
t Data from Berkeley, Fresno, Lodi, Riverside, and Stockton 
TABLE VI. Where Pickup Time Is Spent with Mechanical Packers and Open-Body Refuse Collection Trucks 
Average of Field Data from Nine California Cities, 1950-1951 
PICKUF PERCENT OF PrckuP TIME SPENT PickuP 
Time, MAN TIME, 
CHARACTERISTICS MINUTES On On On At PERCENT OF 
Type or Truck or Group PER TON Truck Street Property Can Loading Waiting Resting Toray Trip 
Mechanical packers Same as Table V 159 21.2 18.1 19.9 16.5 12.8 7.0 4.4 71.7 
Open-body trucks Same as Table \ 135 25.§ is 8 21.0 14.7 13.2 1.9 4.5 68.6 


for the open-body trucks. Thus, a 
portion of the increased pickup time 
for the mechanical packers should be 
attributed to the handling of a greater 
number of containers per service. 
Ninety-seven collection trips with 
mechanical packers reported an aver- 
age unit weight of refuse of 440 Ib per 
cu,Jyd, whereas the average unit 
weight of 87 collection trips with 
open-body trucks was 323 Ib per cu 
yd, giving an average compaction 
ratio of approximately 1.36 to 1.0. 
Results of the time studies on the 
activities of the refuse pickup opera- 
tion are reported in Table VI. The 
data are grouped with respect to the 
type of collection vehicle, each group 
having the same characteristics as re- 
ported in Table V. For essentially 
the same physical characteristics of 





pickup for each group, the division of 
time for the pickup operation is com- 
parable for all components of pickup 
except the time spent ‘‘on truck’’ and 
“waiting."" The open-body truck 
group may require more “time on 
truck’"’ owing to the slightly lower 
pickup density and the occasional 
need for a collector to work on the 
truck while assisting in the loading 
operation. Considerably more time 
is classified as “‘waiting’’ for the me- 
chanical-compaction-truck group than 
for open-body trucks—a significant 
portion of which may be attributed to 


the operation of the compaction 
equipment. 
Equipment Requirements. The 


relationship between the total capac- 
ity of the collection vehicles in daily 
use and the number of services in 11 


California cities investigated is shown 
in Fig. 3. 

There appears to be no significant 
difference in the equipment require- 
ments for the collection of combined 
refuse with open-body trucks or with 
mechanical compaction-type vehicles. 
This finding may be partially ex- 
plained by the general failure to utilize 
compaction-type collection vehicles 
to capacity in the cities investigated 
in the study. 

Haul Speed. The relationship 
between the total haul distance and 
the average haul speed, as observed 
in the 13 cities studied, is shown in 
Fig. 4. Haul distances ranged from 
5.8 to approximately 22 miles, with 
a maximum average haul speed of 27 
miles per hour for the 22-mile haul 
distance. The majority of cities with 
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FIG. 3. Total capacity of garbage and refuse trucks in daily use 
in 1] California cities is related to number of services handled. 
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FIG. 4. Haul speed for refuse trucks increases with round-trip dis- 
tance to disposal point from center of city (assumed pickup point). 
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FIG. 5. Chart for analysis of refuse collection systems, to determine manpower 


requirements in man-minutes per ton. 
at disposal site, per trip. 


Chart includes 15 min off route, and 5 min 
Read chart in three steps: 


1. Place straight edge through ‘Average Total Haul’’ on Y and “Speed” on S. 


Extend to Index 1 and mark point. 


2. Place straight edge through point on Index | and ‘Tons per Trip”’ on X for either 


2 men or 3 men per trip, whichever applies. 


Extend to Index 2 and mark point. 


3. Place straight edge through point on Index 2 and ‘‘Pickup Time” on b. Read 


“Total Trip Time”’ on T. 


haul distances of 8 to 16 miles indi 
cated average haul speeds of 15 to 20 
miles per hour 


Rational Design of Collection Systems 


Labor Requirements. Unit opera- 
tions of pickup, haul, off route, and 
at site can be resolved into an expres- 
sion for the labor requirements of the 
refuse collection operation The 


equations may be developed for pur- 
poses of analysis or design, and nomo- 
graphic charts based on these equa- 
tions may be constructed to provide 
a rapid, accurate solution to many of 
the practical problems encountered. 
For purposes of analysis or control 
of a system, an equation of the form, 


FIG. 6. Chart for design of refuse collection systems, based on two trips per day, 
15 min off route, 5 min at disposal site, and haul speed of 3.5 min per mile (17.1 mph). 


Read chart in two steps: 


1. Using straight edge, line up known value of ‘Pickup Time”’ on center scale with 
known value with respect to number of men per truck. 
2. Extend to read unknown value on third scale for same number of men per truck. 
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may be used, for which, in the ab- 
sence of standard symbols, the follow- 
ing letter symbols have been adopted: 


L = man-minutes per ton for total trip 
number of collectors per vehicle 


6 = pickup time, man-minutes per ton 
( = average tons of refuse per trip 
d@ = round-tnp haul distance, miles 
é€ = averagehaul speed, minutes per mile 


off-route and at-site man-minutes 
per ton (allowing 15 minutes off 
route and 5 minutes at site per 
trip). 


Figure 5 is a nomographic expres- 
sion of Eq. 1. Employing estimates 
or results of field observations for the 
pickup time, average haul speed and 
tons per trip, and knowing the aver- 
age haul distance and number of 
trips per day, the nomograph is em- 
ployed to solve for the total labor re- 
quirement in man-minutes per ton. 
It is simple to compare the computed 
value with the actual value based on 
the tons of refuse collected during a 
given period, the number of men em- 
ployed, and the length of the work 
day. Thus, it is possible to deter- 
mine the relative efficiency of a refuse 
collection system. The constants of 
15 minutes for off route and 5 minutes 
at the disposal site per trip are based 
on the results of the field studies. 
Other constants may be employed to 
fit local situations. 

An equation similar to Eq. 1 may 


L=b+ ade , 200 (1) be developed for the design of refuse 
€ c collection systems: 
a bc + ade + 20a . . (2) 
g 
in which, g = total number of trips 
per day, and other terms are as de- 
fined in Eq. 1. The term 4S0a/g 
is equal to the man-minutes per trip 
based on an S-hour (480-min) day. 
— — Equation 2 can be simplified and re- 
tad wt written as 
1 + 
> “s t 40 {S80 ~ he + de rN 20 (3) 
ha g 
ad | 00} ' ; , 
8 4 - Nomographic expressions of Eq. +} are 
1 et 5 exo presented in Figs. 6 through 8. For 
ls . 4 : purposes of simplicity the nomo- 
12 ak “ae tee graphic charts have been prepared 
5 :“ ga~i 8 for two haul speeds, 17.1 and 20 mph 
i : 28 > (3.5 and 3.0 min per mile) and for two 
i¥ gy £ i™;.W8 and three collection trips per day. 
re yy Byrd f Fixed, Operation, and Maintenance 
: 2p om Costs. The previous nomographs 
F so | * a0 have been concerned with the labor 
5 nee f nto requirements of refuse collection. It 
neo: "0 is also possible to express the fixed, 
wo i “00 operation, and maintenance costs m 
= = an equation, 
oo 7 “00 ° 
oe oe F= ak 4 is + v}+2 (4) 
2 MEN PER TRUCK «6-3 MEN PER TRUCK cks ~ c 
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in which 
F = total operating (fixed, operation, and 
maintenance) cost in dollars per 


ton 

h = initial cost of collection vehicle, dol- 
lars 

j = interest rate on capital 

k = average number of trips per year per 
truck 

$s = amortization period for collection 
vehicle, usually useful life of 
vehicle 

0 = operation and maintenance cost per 


mile per truck, dollars 
y = average total mileage per trip, pick- 
up plus haul 

Equation 4 is based upon straight- 
line depreciation and average annual 
interest. The economic analysis is 
made on the basis of a single truck. 
Figure 9 is a nomographic chart for 
the determination of fixed, operation, 
and maintenance costs based on Eq. 
4, a useful truck life of 10 and 15 
years, and interest rate of 4 percent. 
[A similar nomograph employing 6 
years for useful life of collection vehi- 
cle at interest rates of 4 and 5 percent 
has been prepared by the authors. | 

Employing the nomographs for the 
determination of the labor require- 
ment and the fixed, operation, and 
maintenance costs, it is possible to 
design the most economical refuse 
collection system and estimate the 
unit cost of collection for a given set 
of conditions. With the addition of 
the costs of disposal and administra- 
tion, the total cost of the refuse 
activity can be estimated with a high 
degree of accuracy. Similarly it is 
possible to evaluate the cost of collec- 
tion and haul to alternate disposal 
sites, as well as to review the economy 
of various types of collection vehicles 
or methods of operation. 

Illustrative Example. The follow- 
ing example of the economic design of 
a refuse collection system illustrates 
the use of the nomographic charts 
presented as Figs. 6 through 9. 


Community Characteristics 

Population: 45,000 

Services: 12,000 residential 

600 commercial 

Container location: 50 percent rear of 
house, 50 percent curb or alley 

Collection frequency: Twice per week 
collection of combined garbage and 
refuse. Commercial swill collected 
by contractor at no cost to city or 
producer. 

Disposal: Suitable location for municipal 
incinerator, 2 miles from geographical 
center of city (4-mile total haul). 
Estimated total cost of incineration, 
$2.15 per ton. Estimated cost of dis 
posal by sanitary land fill, $0.66 per 
ton. 
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FIG. 7. Chart for design of refuse collection systems, based on two trips per day, 
15 min off route, 5 min at disposal site, and haul speed of 3 min per mile (20 mph). 
Use scales to obtain values in manner described for Fig. 6 


Design Factors (Estimated or determined by 
field study ) 


Pickup labor requirements: 140 man- 
minutes per ton (Fig. 1) city average, 
based on 50 percent rear-of-house col- 
lection (50 percent curb or alley). 

Refuse production: Residential, 48 lb per 
service per week, assuming 20 percent 
of commercial services included in 
this figure as neighborhood business. 
Commercial, 250 Ib per service per 
week in downtown commercial area 
(Table II). 


FIG. 8. 


Type of collection vehicle: Mechanical 
packers used throughout. 


Service density: 90 services per mile. 


Problem 


1. To determine the most economical 
collection system with respect to size of 
vehicles, number of trips per day, and 
number of collectors per truck. 

2. To estimate the total cost of refuse 
collection and disposal employing inciner 
ation. 

3. To determine how far the refuse 


Chart for design of refuse collection systems, based on three trips per day, 


15 min off route, 5 min at disposal site, and haul speed of 3 min per mile (20 mph). Use 
scales to obtain values in steps as described for Fig. 6. 
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TABLE Vil. Economic Comparison of Refuse Collection Systems 
Disposal by Incineration 
Cost, DoLLARS PER TON 
Fixed 
Operation, and 
Tons Collection Maintenancet 
rer Loap and Haul Collection Disposal ft 
System Trip) Labor* Equipment All Costs) Total 
3 trips per day 
3 men per truck 2.70 4.45 0.81 2.15 7.41 
2 men per truck 1.80 4.45 1.20 2.15 7.80 
2 trips per day 
3 men per truck 441 4.07 0.62 2.15 6.84 
2 men per truck , 2.95 1.07 0.92 2.15 7.14 


* Based on: 140 man-min per ton average pickup 
time; 80.025 per man-min ($1.50 per hour) 15 
min per trip off route; 5 min per trip at site; 3.5 
min per mile (17.1 mph) average haul speed 4 
miles round-trip haul 

t Based on initial packer-body truck 
$8,000.00; $0.16 per mile operation and main 
tenance costs; 4 miles average round-trip haul plus 
10-year truck 
straight 


cost 


average of 3 miles per pickup route 
life 4 percent average annual interest; 


can be hauled to a trench-fill disposal site 


at a total cost not to exceed that for 
collection and disposal employing in 
cineration. 


1. To estimate equipment and man 
power requirements for the system 


Design 


The determination of the most economi 


cal combination of size of collection 


line depreciation; 312 working days per year per 


truck 

t Based on: initial cost of incinerator, $2,000.00 
per rated ton of capacity; $2.00 per ton operation 
and maintenance costs (‘Municipal Incineration,’ 
Technical Bulletin No. 5, Sanitary Engineering 
Research Project, University of California, June 
1951); 20-year amortization period; 4 percent 
average annual interest Assume cities own land at 
site for incinerator. 


vehicle, number of trips per day, and 
number of men per truck involves an 
economic comparison of the different sys- 
tems. Employing Figs. 6 and 8, a pickup 
time of 140 man-minutes per ton, an 
average round trip haul of 4 miles, and an 
average haul speed of 17.1 mph, the total 
trip time and tons of refuse collected per 
trip may be determined for the four 
possible systems reported in Table VII. 


FIG. 9. Chart for determination of fixed, operation, and maintenance costs of refuse 


collection, in dollars per ton. 
interest rate, 4 percent. 


Truck life may be assumed to be either 10 or 15 years, and 
Read chart in four steps: 


1. Place straight edge through appropriate values on lines A and B. Mark intersection 


on Index 1. 


2. Place straight edge through point on Index 1 and value of ‘Average Tons” on C. 


Extend to ‘‘Fixed Cost’’ on D. 


3. Similarly, obtain point on H, “Operation and Maintenance Cost,” using E and F, 


Index 2, and G. 


4. Connect values on D and H. Read value desired on K. 
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Knowing the tons of refuse per trip and 
assuming cost factors in accordance with 
the footnotes to this table, the fixed, 
operation, and maintenance costs per ton 
can be determined. 

Table VII, which reports the costs of 
collection and disposal by incineration for 
the four possible systems, indicates that 
two trips per day and three men per truck 
is the most economical combination. In 
order to effect such a cost, however, it is 
necessary to collect 4.41 tons of refuse 
per trip, which requires a rather large 
collection vehicle. The second most 
economical system is the two trips per 
day, two men per truck combination, at 
a total cost of $7.14 per ton. 

To determine how far combined refuse 
may be hauled to a trench-fill disposal 
site, the estimated cost per ton for dis 
posal by the trench-fill method ($0.66) 
is subtracted from $7.14 per ton for the 
system employing incineration. The dif 
ference, $6.48, is the allowable cost per 
ton for the labor and fixed, operation, and 
maintenance costs of the longer-haul 
system. 

The determination of the length of 
haul, such that the total cost of collection 
is equal to $6.48 per ton, involves also 
an economic comparison of the possible 
combinations. It is apparent that the 
most probable combinations will be two 
trips per day with either two or three 
collectors per truck. Employing Fig. 7, 
a round-trip haul distance of 14.5 miles 
is found to be possible with two trips per 
day, two collectors per truck, and 2.52 
tons of refuse per trip. 

Similarly, it is found that a round-trip 
haul distance of slightly over 18 miles is 
possible with two trips per day, three 
collectors per truck, and an average of 
3.55 tons of refuse per trip. Thus a 
trench-fill location slightly more than 9 
miles from the geographic center of the 
city (assumed as the point of collection 
for all routes) could be used at a cost 
equal to that employing incineration for 
disposal. 

Having adopted the two trips per day, 
three men per truck collection system in 
conjunction with trench-fill disposal, it 
is relatively easy to lay out the remainder 
of the collection system. 

Each truck must haul, on the average, 
2 X 3.55 = 7.10 tons of refuse per day in 
two trips. With a unit production of 
48 Ib of refuse per week for twice-per 
week collection, each truck will be able to 
7.10 X 2,000 

ya 
day, or 295 services per trip. Based on 
an average pickup density of 90 services 
per mile, the mileage during pickup is 
found to be 3.28 miles, only slightly 
greater than initially estimated. 

Since one vehicle can _ collect 


handle = 590 services per 


590 


(Continued on page 258) 
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rip and Midway through the nineteenth 
ce with century, 68 cities in the United 
fixed, States and 6 in Canada had developed 
per ton public water supply systems. Con- 
trary to common assumption, the 
osts of greatest number of these (30) were 
10n for not in New England but in the Middle 
es that Atlantic States. While Boston, 
r truck Mass., traditionally is credited with 
m. In the first public major supply in the 
oF, it 1s United States (1652), it was not until 
refuse 1848 that the present system was 
r large started. New York, N.Y., began its 
most first limited supply and distribution 
ps per system in 1744, but not until 1835 
ion, at was a substantial distribution system 
installed. 
Teluse The first pumped supply in the 
isposal Tank filter of more advanced type was advertised in The Manual of United States was built in Bethlehem, 
or dis American Water- Works, 1897, by The O. H. Jewell Filter Co., Chicago, Pa., in 1754. To quote from M. N. 
$0 66) and The Morrison-Jewell Filtration Co., Philadelphia. Ad claimed that this Baker’s first Manual of American 
or the Jewell filter was “the acknowledged standard of mechanical filtration. Water-Works, 1888: 
he dif 
st. per Water was taken from a spring issuing ‘ 
mn, and from magnesian limestone. It was con- 
Jas ducted 350 ft through an underground 
r-haul . , ; 
conduit to a cistern, or well, whence it 
: was raised by a 5-in. lignum vite pump, 
sth of * « through bored hemlock logs, to a wooden 
lection Outsta n ing ac ievements tank in the village square, 70 ft above the 
'S also pump. There being trouble from the burst- 
possible ing of the wooden pipes, 1'/,-in. pipes of 
at the sheet lead were tried. They were soldered 
ve two along the edges and bedded in a cement of 
three e pitch and brick dust, and laid in a gutter of 
Rig. 7 brick. This expedient did not prove very 
: in water supply ae 
miles 
ps per Among the older works of larger 
1 2.52 cities are those of Providence, R.I. 
(1772), Worcester, Mass. (1798), 
d-trip Philadelphia, Pa. (1801), Baltimore, 
\iles is and treatment Md. (1807), Albany, N.Y. (1813), 
three Reading, Pa. (1819), Pittsburgh, Pa. 
age of (1820), Cincinnati, Ohio (1820), Rich- 
hus a mond, Va. (1820), Detroit, Mich. 
han 9 (1827), St. Louis, Mo. (1830), and 
f the Chicago, Ill. (1840). Buffalo, N.Y., | 
ection | HARRY E. JORDAN, Aff. ASCE, secretary, American Water Works Association, New York, N.y ‘id not start its supply until 1852; | 
1 cost Washington, D.C., until 1853; Cleve- 
m for land, Ohio, until 1854; Denver, Colo., 
and Indianapolis, Ind., until 1871; | 
r day, Milwaukee, Wis., until 1872; and ( 
em in NATIONAL FILTER Kansas City, Mo., until 1873. 
sal, it SURFACE WASHING. Springs and dug wells were the 
inder eer onl favorite sources of supply for the 
‘Lawrence, Kans early engineers. Lakes or ponds were | 
erage, eS « appropriated by fortunately located | 
lay in Massillon, O communities. But as time went on | 
on of ee and the cities grew, need for more | 
>-per Winnipeg, Man water led to the introduction of sur- 
ble to an er ee face water from nearby streams. 
‘S per Aeration Plants for Maine and Albert Stein built a sand filter for | 
Hackensack, N. J Champaign, 11! Richmond in 1832 which was hardly | 
od on Norfolk, Va. Hoboken, N. J complete before its failure was ob- 
ryices Besides th« aheve we have altered j : | 
up is cum to ou Cottons’ exetem Be | Typical of early high-rate types was filter advertised 
ghtly ah a in The Manual of American Water- Works, 1888. 
Va., thereby increasing their effleiency Ad made interesting claim regarding equipment of 
<an and economy SO per cent. ae : ii rival, Hyatt Pure Water Co., whose ad appeared on 
= NATIONAL WATER PURIFYING COMPANY, facing page. High-rate filter was one of purely 
06S SHEARED GS COSY Ch, Sow VE American contributions to field of water purification. 
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vious. At Elizabeth, N.J., when the 
works were built in 1854, a sand-and 
charcoal filter was installed, which 
was still operating in 1889 when the 
Manual of American Water Works 
was compiled by M. N. Baker. 
Because of the growing realization 
of the deficiencies in sanitary quality 
of supplies in 1865 the Water Com 
missioners of the City of St. Louis 
employed James P. Kirkwood, Past- 
President, ASCE, to travel in Eng 
land and Europe and to recommend, 
on the basis of his studies, water treat 
ment works for that city. His report, 
published in 1869, displayed great 
admiration for the works built by 
James Simpson and contemporary 
engineers in England, and recom 
mended settling and slow sand filtra 


tion (on the British model) for in 
stallation at St. Louis. However, 
somewhat pathetically, Mr. Kirk 


wood observed in a note written in 
April 1869, that “the public mind of 
St. Louis does not yet seem to con 
sider filtration important.” 

A peculiar by-product of the St. 
Louis project was that Mr. Kirkwood’s 
design of the settling basin and slow 
sand filters made for St. Louis was 
modified and used by him for the 
works at Poughkeepsie, N.Y., first 
operated in 1873. This system was 
initially developed in its complete 
form from the source (the Hud- 
son River) through pumps, filters, 
distribution reservoir, and mains. 
The Poughkeepsie filtration system 
was the first one in the United States 
to follow accepted British designs and 
experience. Although substantial ad 
ditions in structures and changes in 
methods have been made in the inter 
vening SO years, the filters still are 
operating and the water supply is 
acceptable. This supply, it should 
be noted, is taken from the Hudson 
River at a point below the location 
recommended in 1951 by the Engi- 
neering Panel (Thorndike Saville, W. 
W. Horner, L. R. Howson, and Abel 
Wolman, all Members, ASCE) for 
abstracting water for a rapid sand 
filtration plant to augment New York 
City’s upland sources. 

Shortly after Mr. Kirkwood had 
completed the Poughkeepsie plant, 
J. W. Hyatt, I. S. Hyatt, and Patrick 
Clark developed the units which were 
the forerunners of the modern rapid 
sand filters. The first patents were 
granted in 1881, and by 1889 the 
Hyatt Company held 59 separate 
patents for design, treatment mate- 
rials, and methods, ete. A dozen or 
more separate companies competed 


in designing and installing water 
treatment systems. The business 
was cruelly competitive. For ex 
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ample, one company advertised how 
many plants built by the Hyatts 
had failed and had been rebuilt by the 
advertiser. Although competition 
made for progress, one by one, the 
various companies had financial diffi- 
culties and were liquidated or con- 
solidated with others. Today there 
are such organizations as the Builders 
Iron Foundry, the Permutit C»., the 


Roberts Filter Co., the American 
Water Softener Co. and the Inter- 
national Filter Co. which, among 


others, carry on the commercial de- 
velopment and sale of .rapid sand 
filter equipment. 

In 1895, Allen Hazen, M. ASCE, 
after a tour of European water works, 
wrote 7he Filtration of Public Water 
Supplies, which was authoritative in 
content and was widely read by those 
who were then attempting to improve 
water supply quality in the United 
States. Mr. Hazen was one of that 
galaxy of great engineers—George W. 
Fuller, Paul Hansen, G. C. Whipple, 
H. W. Streeter, and Robert S. Wes- 
ton, all Members, ASCE—-who were 
inspired by the brilliant leadership of 
William T. Sedgwick to strike out 
into the new fields of environmental 
sanitation. Few university professors 
have contributed as much as did Mr. 
Sedgwick through the work done by 
those whose genius he fostered. 

At the turn of the century, Messrs. 
Fuller, Hazen, and Weston led the 
way in conducting experimental 
studies of the various filtration sys- 
tems for cities where water treatment 
was needed. In 1895-1896 Mr. Fuller 
conducted objective and parallel tests 
of three of the competitive rapid sand 
filters for the Louisville (Ky.) Water 
Co. These studies demonstrated the 
need for the settling of coagulated 
particles from the water before filtra- 
tion. Neither the Hyatts’ 1883 
patent on the use of alum as a coagu- 
lant nor patents later issued to com- 
petitors had indicated knowledge of 
this important fact. In the modern 
rapid sand filtration plant, from 75 
to 90 percent of the suspended ma- 
terial is removed from the water before 
it enters the filters. With predisin- 
fection of the water, little bacterial 
removal is required of the filter layer. 

The treatment plant built by local 
engineers of the Louisville Water Co. 
(after Mr. Fuller had completed his 
studies and moved on to similar work 
at Cincinnati and with Mr. Weston 
at New Orleans, La.) embodied some 
of the recommended features, but 
failed to consider certain hydraulic 
requirements necessary for successful 
operation. However, at Little Falls, 
N.J., in 1902, the Fuller designs were 
built into operating structures. The 





round filter with the revolving rakes 
gave way to the rectangular unit 
with a higher wash-water flow rate. 
The modern rapid sand filtration 
plant emerged. Today’s great instal- 
lations such as those at Chicago, 
Cleveland, Detroit, Milwaukee, and 
Toronto are the descendants of the 
little wooden tubs built by Messrs. 
Hyatt, Clark, Jewell, and others and 
welded into new form and efficiency 
by Messrs. Fuller, Hazen, Weston, 
Joseph W. Ellms, all Members of 
ASCE, and their contemporaries. 


Alum as a Coagulant 


About 1900, when several large 
cities were considering filtration of 
public supplies to reduce the typhoid 
death rate, the U.S. Engineer Corps 
assigned A. M. Miller, M. ASCE, to 
conduct experimental studies of fil- 
tration at Washington, D.C. (The 
supply works of that city were then 
and still are under the control of the 
Army Engineers.) Colonel Miller's 
report recommended that rapid sand 
filters be installed. 

Objections were made by various 
persons, including representatives of 
the District of Columbia Medical 
Society. When the authorization for 
building the water treatment plant 
was before Congress, the Senate Com- 
mittee on District Affairs held hear- 
ings. The record of the hearings was 
published (‘Purification of the Wash- 
ington Water Supply,’’ Committee 
Hearings, U.S. Senate, U.S. Govern- 
ment Printing Office, Washington, 
D.C., 1903). Testimony by Rudolph 
Hering, M. ASCE, and by Messrs. 
Fuller, Weston, and others favored 
the installation of rapid sand filters, 
and the use of alum as a coagulant. 

A report was made by a special 
committee of the Medical Society of 
the District of Columbia which fa- 
vored slow sand filters. Under the 
subheading, ‘‘Addition of Alum to 
Potomac Water Not Warranted,” the 
committee stated (in part): 


An important consideration with refer- 
ence to the use of mechanical (rapid sand) 
filters arises in connection with the effect 
of the chemical used as a coagulant on the 
health of the consumers of the filtered water 

Mr. Weston’s statement that ‘‘The almost 
unanimous conclusion is that, if the alka 
linity of the raw water is sufficient to de- 
compose completely the applied chemical, 
its use is in no way prejudicial to health” 
has certainly not been proved by the 
experience of the medical profession and 
(as stated by Mr. Weston, at least) is in- 
correct. Everything will depend upon the 
nature of the substances into which the 
“applied chemical” is decomposed 

The most that can be said is that it has 
not yet been demonstrated that the alum as 
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used in mechanical filters is prejudicial to 
healt. In the opinion of this Committee 
the people of this community should not be 
made use of to determine that question. 

After the hearings were completed, 
the installation of slow sand filters 
was approved. The MacMillan filter 
plant was built and provided with a 
settling basin to preclarify the Po- 
tomac River water. But in less than 
five years the operation of the settling 
basin and filters proved unsatisfac- 
tory. It was then decided to install 
a coagulating system (using alum) to 
assist the settling basin in preparing 
the water for the slow filters. The 
coagulant is still used; the filters still 
operate; the doctors who opposed 
alum as a coagulant have gone to their 
reward; and the residents of the Dis- 
trict of Columbia as well as the many 
thousands in other cities who use 
water coagulated with alum before 
filtration have demonstrated no ill 
health attributable to the method of 
water treatment. 

In fact, the reduction of water- 
borne typhoid and other intestinal 
disorders has been striking not only 
in Washington but also in all cities 
where modern water treatment is 
practiced. Other cities faced opposi- 
tion from unorganized groups who 
confused alum used in baking powder 
(then being crusaded against) with 
alum used as a_ water-treatment 
chemical, but no documentation of 
opposing opinions equals that derived 
from the Senate hearings in the 
Washington case. 


Chlorination Proved Beneficial 


After chlorination was first prac- 
ticed in 1908 at the Chicago Stock 
Yards Plant and at the Boonton 
Reservoir of Jersey City, N.J., sani- 
tary engineers and public health 
officials in the United States became 
greatly interested in the process as a 
means of reducing the bacterial con- 
tent of public water supplies. For- 
tunately the installation of chlorina- 
tion equipment proceeded without 
much fanfare. The decision to chlor- 
inate was often made by manage- 
ment, without public discussion, as a 
step in water supply improvement. 
The annual death rate from typhoid 
and other water-borne diseases was 
still high in most cities, but it soon 
became evident that chlorination 
was producing highly beneficial re- 
sults. 

The most conspicuous opposition 
to chlorination developed in Massa- 
chusetts when one of the members of 
the State Department of Health 
firmly opposed chlorination of any 
impounded public supply under his 
jurisdiction. His theory was that the 


sources had not been polluted and 
that chlorination was not needed. 

It should be remembered, however, 
that before the work of E. B. Phelps, 
Mr. Ellms, S. J. Hauser, Mr. Wolman, 
Linn Enslow, A. M. ASCE, and 
others, chlorination proceeded on a 
rule-of-thumb basis depending on re- 
sults of bacteriological examination of 
the water before and after treatment 
The delays resulting from this method 
were often responsible for chlorinous 
tastes in the treated water and in turn 
for sporadic public complaint. 

Of all the opposition to chlorina- 
tion, the most serious in its possibili- 
ties Was a communication addressed to 
the city officials of an Illinois city 
about 1910. The State Water Survey 
had recommended that the public 
supply be chlorinated and a member of 
the city council had written to Harvey 
W. Wiley asking his opinion of 
chlorination. As Food Chemist of 
the U.S. Department of Agriculture 
during the ‘‘dawn”’ of food sanitation, 
Dr. Wiley had an international stand- 
ingas anopponent of food adulteration. 
He had vigorously combated the use 
of such things as benzoate of soda in 
catchup and formaldehyde in milk, and 
had built up a great following. When 
the request for comment concerning 
chlorination came to him, he did not 
take the time to examine the problem 
in detail, but replied that ‘chlorine 
is an adulterant chemical that should 
no more be used in water than for- 
maldehyde in milk.” Fortunately, 
the letter received little publicity. 
Dr. Wiley forgot about chlorination. 

Liquid chlorine, instead of chlor- 
inated lime, began to be used in the 
disinfection of water about 1912. 
Messrs. Ellms and Hauser in Cin- 
cinnati and Wolman and Enslow in 
Maryland developed methods for the 
prompt evaluation of the adequacy 
of treatment with chlorine. Men in 
service in World War I came home 
with a firm belief in the protective 
value of chlorination. Coagulation, 
sedimentation, filtration, and disin- 
fection had become the fabric of 
water purification. 

In the last one hundred years the 
number of urban water supplies in the 
United States has increased from 68 
to more than 15,500. During the 
century, the water-served population 
has grown from less than a million to 
almost a hundred million. More 
striking than this simple growth, 
however, is the improved sanitary 
quality of public supplies. In 1900, 
large citieslost an average of more than 
50 persons per 100,000 each year by 
death from typhoid fever alone. 
About that time, Mr. Hazen pointed 
out that improved water quality had 
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already demonstrated that, for every 
death from typhoid fever prevented 
by improved water quality, at least 
two additional deaths from other 
related causes were prevented. 

Water treatment as now practiced, 
with effective coagulation, sedimenta- 
tion, filtration, and _ disinfection, 
reached a reasonably efficient state 
by 1920. (This statement should not 
be taken as disregarding the great 
improvements that took place during 
the ensuing 30 years.) Today less 
than 1 typhoid death occurs per 
100,000 population. Therefore, let 
us assume that for the 30-year period, 
50 typhoid deaths and 100 related 
deaths per 100,000 population have 
been prevented by water-quality con- 
trol. During this period the average 
water-served population has averaged 
about 75,000,000 persons. Thus, 
the ‘‘life-saving’’ credit for improved 
water supply during the 30-year 
period (750 X 150 X 30) amounts to 
112,500 persons per year, or a total of 
3,375,000. 

Fluoridation of water is now con- 
sidered by all as a new and novel 
element in water-quality control. In 
1945, communal fluoridation of public 
water supply was initiated at Grand 
Rapids, Mich., Newburgh, N.Y., 
Evanston, Ill., and Brantford, Ont., 
Canada; and by December, 1951, 
more than 200 cities had adopted the 
process. 

Fluoridation, it should be under 
stood, is not a protective treatment 
such as coagulation, filtration, or dis- 
infection nor is it a medication. It 
is an adjustment of the chemical 
make-up of the water intended to 
maintain sound teeth and thus in- 
directly improve the general health. 
Growing children are thus provided 
with a dietary component known to 
exist in proper amount in many 
natural waters where dental caries is 
infrequent. Its introduction in any 
community water supply depends on 
support and advocacy by the 
dental and medical profession. The 
water works industry cooperates in, 
but does not promote fluoridation. 
However, the practice is coming to 
be recognized as an important ele- 
ment in the service of public water 
supply. 


( This article is based on the paper presented 
by Mr. Jordan in the symposium on Outstand 
ing Achievements in Sanitary Engineering a 
a joint session of the Sanitary Engineering 
Division and the Engineering Section of the 
American Public Health Association, pre- 
sided over by Rolf Eliassenand Ralph E. Fuhr- 
man, members of the Division’s Executive 
Committee, and Dwight F. Metzler, A.M. 
ASCE, at the Contennial Convention in 
Chicago.) 
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Radioactive contamination, continuing 


problem in water supply engineering 


Recent developments in the field of 
nuclear energy have created potential 
health hazards whose evaluation and 
control are sanitary engineering prob- 
lems. Among these problems is the 
possibility that, in the future, water 
supplies in this country may contain 
greater amounts of radioactive ma 
terials than in the past. Whether 
the increase in radioactive water con 
tamination will be generally appreci 
able or will cause significant hazards 
in a particular locality cannot be pre 
dicted. 

Many publications and discussions 
have pointed out that the public 
health problems due to radioactivity 
are new, complex, and _ technically 
different from other problems of en 
vironmental sanitation. However, 
the sanitary engineer who may be 
faced with these problems must not be 
overawed by their novelty and diffi 
culty or diverted by the idea that he 
must become a nuclear physicist be 
fore he can attack them. In princi 
ple, the sanitary engineering problems 
of nuclear energy operations are simi 
lar to other problems of sanitary con 
trol. 

The maximum permissible concen 
tration (MPC) values for drinking 
water, as now being established, are 
those values that will not permit an 
accumulation of radioactive materials 
in any organ of the body such as 
would result in an exposure greater 
than the maximum permissible ex 
posure. The Subcommittee on In 
ternal Dose of the National Commit- 
tee on Radiation Protection has 
developed and recommended MPC 
values for many individual radioiso- 
topes and for unknown mixtures of 
radioactive materials. The recom 
mended values for unidentified radio- 
active contaminants in air and water 
for long-term continuous use are 
given in Table I. The MPC values 
recommended for concentrations of 
selected radioisotopes that are of par- 
ticular interest in this discussion are 
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given in Table II. The present sug- 
gested emergency limits for radio- 
active water contamination following 
an atomic explosion are given in 
Table III. 

The sources of radioactive materials 
that, potentially, might affect water 
supplies may be grouped in four gen- 
eral classes: nuclear reactors and 
associated operations; use of radio- 
isotopes in research laboratories, hos- 
pitals, and industries; use of atomic 
weaponsor radioactive isotopes in war 
fare; and naturally occurring radio 
active materials 

Use of radioisotopes in labora 
tories, hospitals, and industries is in- 
creasing continually although it still 
involves relatively small quantities of 
radioactive materials. Nearly all the 
radioisotopes for such uses are dis- 
tributed and controlled by the U. S. 
Atomic Energy Commission. In a 
recent review of the radioisotope pro- 
gram of the Commission, F. W. 
Kittrell indicated that, from the %e- 
ginning of this program in August 
1946 through December 1951, a total 
of 2,771 curies had been distributed. 
This distribution has included more 
than 19,000 shipments to over 600 in- 
stitutions located in 46 states in the 
United States. The review gives 
several examples of the methods of 
calculating the dilutions that would 
be required for known quantities of 
various radioisotopes in order to re- 
duce the concentrations to the per- 
missible values for drinking water.* 


Preventive and Control Measures 

Assuming that a broad program for 
the systematic control of potential 
radioactive contamination of water 
supplies may become necessary, the 
preventive and control measures may 
be classified generally in the same 
way as measures for the control of 
bacteria or of other chemical contam- 
inants. These measures include: 

1. Further definition and establishment 
of values for the maximum permissible 
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concentrations of radioisotopes in drink 


ing water and interpretation of these 


values in terms of water works practice 
covering the expected range of operating 
conditions 

2. Basic research and practical de 
velopmental studies concerning radio 
active waste processing methods that will 
aid in the prevention of discharges of con 
taminants to water supply sources, the 
numerous factors that influence the dis 
persion, behavior, and reduction of radio 
active contaminants in natural waters, 
and methods for the removal of con 
taminants from water supply systems, 
particularly by conventional and modi 
fied water treatment procedures. 

5. Basic and practical instrument de 
velopment studies and the design and 
appraisal of instruments to enable the 
detection and measurement of radio 
activity at the levels, and under the condi 
tions, that are of practical significance, 
such as the measurement of natural back 
ground concentrations and low levels of 
contaminants in water for 
long-term use, and the higher levels of 
contamination that may re 
sult from accidents or from the use of 
atomic weapons. 

1. Educational opportunities and the 
dissemination of information for the 
sanitary engineers and water works offi 
cials who are responsible for drinking 
water quality. 


radioactive 


emergency 


In the movement of radioactive 
water contaminants from their 
sources to a water supply system, 
there are three general stages, in any 
or all of which major reductions in the 
level of radioactivity may be effected 

These stages are: (1) the release or 
escape from the source of radioiso- 
topes into a body of surface or under 
ground water; (2) the travel of the 
water to the water supply intake; and 
(3) the passage of the water through 
the water plant and into the distri- 
bution system. As regards (1), the 
Oak Ridge National Laboratory has 
developed a monitoring installation 
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for sampling and measuring radio- 
activity in its waste water (Fig. 1). 

The various methods of reduction 
include: (1) the processing of radio- 
active wastes, with separation and 
retention of potentially dangerous 
water contaminants; (2) removal of 
the radioisotopes from the water by 
natural agencies or processes before it 
reaches the water works intake; (3) 
removal of the radioactive materials 
by water treatment; and (4) reduc- 
tion of the level of contamination by 
radioactive decay. 

There are numerous physical, chem- 
ical, and biological factors which in- 
fluence the dispersal and the be- 
havior of radioactive elements in sur- 
face and underground watercourses, 
and more or less reduction in the 
radioactive constituents prior to 
the use of the water may be expected 
as a result of these factors. Al- 
though no general quantitative con- 
clusions can be stated, studies have 
indicated that the concentration of 
most of the radioisotopes will be 
markedly reduced and that some 
radioactive elements will be removed 
almost completely under natural con- 
ditions if the time of water travel is 
considerable. 

The removal of radioisotopes by a 
treatment process will depend on the 
characteristics of the particular radio- 
elements and upon the various con- 
ditions of treatment. The probable 
effectiveness of water treatment in 
the removal of radioisotopes can be 
ascertained only from specific data 
obtained by careful experimentation 
and by experience. An adequate 
range of data is essential in order to 
represent the prevailing conditions 
of the raw water, of the radioactive 
contaminants involved, and of the 
treatment facilities and operation. 

There has developed, unfortu- 
nately, a rather widespread impression 
that conventional water treatment 
will provide sufficient removal of any 
and all kinds of radioisotopes and 
that the passage of water through a 
treatment plant affords protection 
without measurements and regardless 
of the initial contamination. This 
is not the case. Some radioisotopes 
are readily and fairly completely re- 
moved by conventional coagulation 
and filtration, but others may be re- 
moved very slightly or not at all by 
such procedures. The detailed data 
now available from water treatment 
studies indicate that the removals to 
be expected from coagulation, sedi- 
mentation, and filtration may be sum- 
marized as follows: 


1. A maximum reduction of 90 to 98 
percent might be accomplished for readily 
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removed elements such as yttrium, zir- 
conium, niobium, phosphorus, the rare 
earths, and probably such other materials 
as would precipitate if present in macro- 
scopic amounts under the conditions of 
flocculation. 

2. Less than 10 percent removal would 
be expected under normal conditions for 
materials that are d fficult to remove by 
flocculation. Examples of such elements 
are iodine, ruthenium, and cesium. 

3. In the conventional treatment of 
water contaminated with mixed fission 
products, such as those that might result 
from an atomic explosion, 60 to 80 
percent removal might be expected in 
normally operated plants employing alum 
or iron coagulation, and between 90 and 
99 percent removal might be obtained in 
softening plants or under conditions where 
high pH values prevail. 


It should be emphasized that the 
efficiencies of removal outlined above 
may or may not be adequate to pro- 
vide a safe water in a particular situa- 
tion. This will depend on the con- 
centration of radioactive materials in 
the raw water and the MPC values for 
the radioisotopes remaining in the 
water after treatment. 


Measuring Radioactivity in Water 


All studies and control procedures 
relative to radioactive materials de- 
pend on the ability to measure the 
levels of the radioactivity that is 
present. For many purposes it is 
necessary to separate, identify, and 
measure the amounts of the individual 
radioisotopes by radiochemical tech- 
niques which often involve difficult 
and laborious procedures. A_ very 
large number of radiation detection 
instruments and radio-assay tech- 
niques have been developed and used 
in the field of atomicenergy. Of these, 


FIG. 1. Concrete weir box and associated 
equipment is typical installation for measure- 
ment of flow and continuous proportional 
sampling of waste water before release. At 
Oak Ridge National Laboratory, entire waste 
stream, exclusive of sanitary sewage, is 
measured and sampled at this point. In- 
stallation includes standard 90-deg V-notch 
weir (lower center), corrugated metal float- 
well and water-level recorder according to 
USGS standard specifications (upper left), 
Trebler proportional sampler with timer for 
control (revolving scoop shown in right 
center with timer above), discharge pipe 
from sampler to stainless steel sample con- 
tainer (lower right, outside weir box), and 
space at upstream end of weir box for in- 
stallation of monitoring instrument to meas- 
ure and continuously record level of radio- 
activity in the water. 





many are useful in the study of water 
contamination problems, and a few 
can be adapted for the needs of rou- 
tine water works control. 

The concensus of the 
Water Works Association’s Task 
Group on “Instrumentation and 
Methods for Testing Radioactive 
Contamination in Water,’’ regarding 
the useful application and range of 
detection sensitivity for the several 
instruments, may be summarized as 
follows: (1) portable Geiger-Miiller 
beta-gamma survey meter—for rapid 
field surveys during civilian defense 
emergencies requiring detection in 
150 milliliters (ml) of water of ra- 
dioactive contamination ranging from 
10-* to 1 microcurie per ml; (2) 
electroscopes (such as the Landsverk 
analysis unit) for water works labora- 
tory tests during a civilian defense 
emergency requiring a range of sen- 
sitivity (without evaporation of the 
sample) of 10~‘ to 1 microcurie per 
ml; (3) continuous indicating and re- 
cording monitor—for continuous 
monitoring of a water supply for rela- 
tively high levels of contamination 
due to atomic bombing, radiological 
warfare, sabotage, or accidental spill 
of atomic wastes requiring a sensi- 
tivity of 10~* to 10~' microcuries per 
ml; and (4) proportional counters 
(or other types of counting assemblies) 
for precise measurements from ex- 
tremely low levels to very high levels 
of radioactivity requiring sensitivi- 
ties from approximately 10~* to 1 
microcurie per ml or higher. 

A number of instruments applicable 
to water monitoring problems or 
field surveys for the detection of low 
levels of radioactivity have been 
developed in the Health Physics 


American 


Division of the Oak Ridge National 
Those listed below are 


Laboratory. 

































TABLE |. General Levels of Maximum Permissible Con- 
centrations of Radioactive Contaminants in Air and 
Water for Continuous Exposure Beyond Area of Control’.” 


Maximum Per™isstsLe CONCENTRATIONS* 


(ue/ec)t 











Alpha 
Emitter 


Beta or Gamma 
Emitter 








10 
10 


















lo be considered as safe values until the identity of the radioisotope causing 


the contamination is determined, and then the recommended MPC value for 
that particular isotope may be used, provided such a value has been established 
or less 


Safe values are those that are considered to result in damage equal to 


than, the damage that results from ordinary and willingly accepted overindul 


gences, such as overeating, loss of sleep, dusty homes, improper clothing, et« 
Safe value of maximum permissible concentrations of r adiorsotope ire con 
idered not to produce any readily detectable biologi lama ge 

r pe/ ce microcuries per culnc centimeter 





TABLE Il. Maximum Permissible Concentrations of 
Certain Radioisotopes in Water for Continuous Use* 














































Isoror Havre Lirs Bopy Tissu! MPC (ye/cc)? 


lipha Emitter 


natura o t+.5 X 10° year Bone 8 x 10 
Ra*** 1,620 year Bone ix 10 
Pu ol 2.4 X 10 year Bone 15x 10-6 
Po ol 138 day Spleen +x 10 
B ind Gamma Emitter 
ct" 720 year Fat 10 
H? ! > year Total body 0.2 
Ca* 152 day Bone 5x 10 
P 14 3 day Bone 2x 10 
S 87.1 days Skin 5 10 
Na 14.9 hour Total body gx 10 
Fe 1.3 day Blood l 10-* 
I 8 day Thyroid 3 10 
Sr 3 day Bone 7 10 
a \ 25 year Bone 8 x 10 
Cot > 2 year Liver 2x 10 
Bu I 12 8 days Bone 2x 10 
* Value or selected radioisotopes taken from prepublication copy of report 


by Subcommittee on Internal Dose of National Committee on Radiation Pro 


T pe / ce microcuries per cubic centimeter 





TABLE Ill. Suggested Emergency Levels of Radioactivity 
in Drinking Water for Temporary Use Immediately 
Following an Atomic Explosion'®:' 


SAFE CONCENTRATION ACCEPTABLE RISK 
* 


m pe /c 
Beta-gamma activity 
For 10-day us« $5 xk 10 >x 10 
For 30-day use 13x10 ;x 10 
Alpha activity 
For 10-day use 2x 10 +x 10 
For 30-day use 6.7 x 10 7 10 


* ut / CC microcuric per cubic centimeter 


now in experimental or regular use radioactivity in 
and reports concerning them are 
available or in prospect as indicated: levels of radioactivity 
curies per cc 

|. A continuous-flow water monitoring 3 
beta and 


cell, and an associated rotating calibra gamma 


tion umit (Fig. 2) for measuring alpha stream water or in 


activity of about 10 mucrocuries per cc 
and beta-gamma activity at about 10 
mucrocuries per cc, has been developed be used in 
and reported by W. M. Hurst 
2. A column-type unit (Fig. 3) con 
taining 


with 


depths of 90 ft 
contact has 
a Geiger-Miiller tube detector has 


ion exchange resins in been used 
been developed and reported by Emmons Garner 
and Lauderdale.** This instrument, j 


which is in regular use for the counting of 
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low-level 
natural waters, is capable of measuring use in 


A scanning instrument for measuring 
activity (Fig. 4) in 
bottom 
contains 12 thin-wall Geiger-Miiller coun 
ter tubes in a waterproof housing and may 
waters and for 
radioactivity in sediments under water to 

rhis instrument, which 
extensively in 
sediment surveys, was developed by J. M as an 


A probing detector with an associ 


ated cable-reel device, and mounted on a 



























FIG. 2. Alpha-beta counter** can be used either for sample testing 
or as continuous-flow water monitor. Photo shows instrument with 
top raised, ready for sample handling. It can be used either with 
commercial GM counter or with extremely thin-walled GM counter 
tube of rubber hydrochloride—shown in upper center. Objects 
in foreground are continuous-flow water cell (left) and calibration 
unit solution cell (right). Scaler, timer, and tank containing gas 








FIG. 3. 


includes, from 
left to right, counting-rate meter with Brown recorder, counter 
column in lead brick shield (front removed), glass bead column air 


Column-type, low-level water monitor’ 


trap, and feed tank (metal can). Feed pump is back of column. 
Column, of lucite, contains high-capacity ion-exchange resin in 
contact with GM counter tube. Water passes downward through 
column and radioactive substances are removed from water by resin 
adjacent to counter. With proper calibration, low levels of radio- 
activity in water can be determined with high sensitivity. 


trailer, has been developed for routine 
the logging of radioactivity in 
drilled wells up to 250 ft in depth. This 
instrument, which is in regular use for 
the radiologging of test wells in the Oak 
Ridge National Laboratory area, was also 
developed by J. M. Garner. 


samples of 


below 10~° micro 


sediments, 


During the past several years 
there has been an understandable 
tendency to think of potential radia- 
tion hazards, including radioactive 
contamination of water, primarily 
aspect of atomic warfare. 
However, the peacetime problems of 
atomic energy development should 
be given the greatest study for the 


measuring 


bottom 


September 1952 ¢ CIVIL ENGINEERING 








for c 
ment 
main 
wate 
at 1, 
tion 

cont 


folk 
and 
ator 
tim 
ther 
qui 
gen 
skil 
row 
F 
typ 
wor 
is, 1 
pre 
Sim 
wit! 
exp 
pre 
dan 
con 
civi 
esti 
wat 
7 
cial 
pe S 
Sec 
Ph: 
oth 
of | 
stu 
coo 
the 
the 
un 
En 





testing 
nt with 
er with 
sounter 
Ybjects 
bration 
ng gas 









~ 


Lead shielding 





To scaler 
+ 


, 


Tangential 
water iniet 








Simplified section view 


for counter are not shown 
ment for monitoring of continuous flow. 


at 1,800 rpm). 


contact with water being tested. 
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Simplified section view shows arrange- 
Vertical water wall is 
maintained by centrifugal force from rotation of flowing water in 
water cell (or, for samples, by rotating solution cell by motor drive 
This unique feature increases sensitivity of detec- 
tion and avoids build-up of contamination on tube, as there is no 
















Water cell 


Beta-sensitive 
eiger 
counter 


Rotating 
water wall 


Water outlet 


FIG. 4. 


counter tubes. 


Scanning instrument for detection of beta and gamma 
radiations in water and in bottom sediments, as shown in two models, 
is in process of trial and calibration for surveys of surface waters, 
particularly lakes and reservoirs. 
cover removed to show arrangement of twelve thin-walled GM 


Gamma detector at left has 
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following reasons. First, the nature 
and extent of the future problems of 
atomic energy are unpredictable and 
time will be required to cope with 
them. Second, the ability to act 
quickly and effectively in an emer 
gency depends on the techniques and 
skills that have been developed from 
routine practice. 

For example, the ability to avert a 
typhoid epidemic or to handle a water 
works safely when subjected to a flood 
is,not acquired mainly by specific 
preparation for such an emergency. 
Similarly, the basis of ability to cope 
with radioactive contamination is 
experience in the routine detection, 
prevention, and elimination of the less 
dangerous or less extreme degrees of 
contamination. The sound basis for 
civil defense emergency plans is an 
established long-range program of 
water quality control. 

The author is grateful to his asso- 
ciates in the Radioactive Waste Dis- 
posal Research and Development 
Section and to others in the Health 
Physies Division for information and 
other assistance in the preparation 
of this paper. The water treatment 
studies mentioned are part of a joint 
cooperative program of research by 
the U. S. Public Health Service and 
the Oak Ridge National Laboratory, 
under the auspices of the U. S. Atomic 
Energy Commission. 


( The extensive report, of which this article 
is a brief abstract, was presented by the author 
before a joint session of the ASCE Sanitary 
Engineering Division and the Engineering 
Section of the American Public Health Asso 
ciation, presided over by B. A. Poole and 
John C. Bumstead, members of the Division's 
Executive Committee, and Earnest Boyce, 
chairman of the Division's Committee on 
Advancement of Sanitary Engineering, at the 
Centennial Convention in Chicago, Ill.) 
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There seems to be a rather wide 
spread notion, even among some 
surveyors and mappers, that photo- 
grammetry is newfangled, an infant 
prodigy that has yet to establish it- 
full-fledged science. It 
may therefore be a surprise in some 
quarters that this article can discuss 
one hundred years of photogram- 
metry. Yet it was in 1852, the year 
of the founding of the American So 
ciety of Civil Engineers, that a French 
army officer, Aimé Laussedat, pro- 
duced the first maps ever made from 
photographs. As far back as 1888, 
Lt. Henry A. Reed, an instructor at 
the United States Military Academy 
(West Point, N.Y.) published a book 


self as a 


FIG. 2. A modern high- 


precision phototheodolite 























entitled Photography Applied to Sur- 
veying, in which the first chapter 
was devoted to a history of photo 
grammetry. Since the time of Lausse- 
dat, the science of photogrammetry 
has developed continuously until it 
has now reached the status of a major 
engineering technique. 

In looking back over a century of 
photogrammetry, our purpose is not 
so much to delve into the historical 
details of bygone phases of photo- 
grammetry (in itself an interesting 
subject), as to gain a new perspective. 
Although photogrammetry is used 
for many purposes, this article will be 
confined to photogrammetry as ap- 
plied to surveying and mapping. 
What Is Photogrammetry? 

As defined by the American Society 
of Photogrammetry, photogrammetry 
is the science or art of obtaining re- 
liable measurements by photography. 
Terrestrial photogrammetry is photo- 
grammetry using ground photographs, 
aerial photogrammetry is photogram- 
metry using aerial photographs, and 
stereophotogrammetry is photogram- 
metry using stereoscopic equipment 
and methods. 

On reviewing a century of ex- 
perience, we will find that each of 
these three kinds of photogrammetry 
has a specific set of objectives and 
that each is also subject to a specific 
set of problems or limitations. The 
objectives and limitations are the 
constant factors from which we can 
orient and evaluate specific develop- 
ments of the past. 


Terrestrial Photogrammetry 


In the first attempts at photo 
graphic surveying the plane table 
was replaced by a measuring camera 
(Fig. 1). The camera was equipped 
with a leveling device for maintaining 
the photographic plate in a vertical 
plane and a compass for reading the 
bearing of the optical axis of each ex- 
posure. Its purpose was identical 
with that of plane-table surveying 
to locate objects on a map _ by 
the intersection of conjugate lines of 
sight from the ends of a known base. 
The camera procedure had an ad 
vantage over plane-table methods in 
that the field work could be done 
quickly and that any desired point in 
the field of view could later be located 
on the map in the office, at the 
map maker's convenience. Laussedat, 
who pioneered the method in the 
1850's, developed a mathematical 
analysis for converting overlapping 
perspective views into orthographic 
projections on any plane. This pro 
cedure permitted the determination 
of the elevation as well as the position 
of any point visible in two over 
lapping photographs. 

There is nothing fundamentally 
wrong with the measuring camera pro 
cedure. Laussedat and others used it 
to produce useful maps a century ago, 
and it is still the basis of modern 
terrestrial photogrammetry. Today, 
however, the crude apparatus of the 
early days has given way to photo 
theodolites (Fig. 2) of the utmost 
precision. In one current application 
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FIG. 3. Camera attached to 
basket of captive balloon, 1884 


FIG. 4. Scheimpflug’s eight- 
lens camera, bottom view, 1904 





FIG. 5. Deville plotter, 1890 








of terrestrial photogrammetry, the 
U. 5S. Geological Survey uses the 
phototheodolite in certain types of 
mountainous terrain to obtain fourth- 
order elevations for aerial photo 
grammetry. 

Early plane-table photogrammetry 
and terrestrial photogrammetry in 
general also had limitations. Since 
the first lenses had a narrow field of 
view, a very large number of photo- 
graphs was required, an item of great 
expense in those days and always a 
matter of inconvenience. In addi- 
tion, photographic quality was poor. 
Pioneer efforts to solve the narrow 
field problem were centered chiefly 
on panoramic cameras, the first of 
which appeared as early as 1858. 
Their purpose was to give a con- 
tinuous view by successive exposures 
on a strip of film. Some of these 
cameras were arranged to photo- 
graph only a part of the horizon, 
whereas others covered the entire 360 
deg. The panoramic camera is still 
being used, notably by the U. S. 
Forest Service to photograph full 
horizons from lookout towers, in 
order to detect and locate forest fires. 

With modern wide-angle lenses, 
narrowness of field is no longer a 
serious problem. However, terres- 
trial photogrammetry still has cer- 
tain inherent deficiencies of major 
importance. For mapping purposes, 
the field of view commanded by a 
ground station is much inferior to 
that commanded by an air station. 
The conversion from a_ terrestrial 
perspective to the map plane is, at 


best, a cumbersome process. Every 
ground station must be occupied by 
field surveying parties, just as when 
plane-table methods are used, and 
hence the saving in cost or time is not 
pronounced. 


Superiority of Air Stations 

The superiority of the aerial camera 
station over the ground camera 
station was recognized from the very 
beginning of photogrammetry. In 
1858, Laussedat experimented with 
an aerial plate camera, first support- 
ing it from a string of kites and later 
attaching it to a captive balloon. 
The results of these experiments were 
not satisfactory since it was difficult 
to take a sufficient number of photo- 
graphs from one station to cover all 
the area visible from that position. 
In addition, the slow shutters of that 
day made it extremely difficult to 
obtain sharp photographs because 
of the oscillation of the balloon. 
Laussedat eventually abandoned the 
aerial method and returned to ter- 
restrial photogrammetry. 

Others experimented with aerial 
photography, using balloons (Fig. 
3), kites, and even carrier pigeons, 
but it was not until the close of the 
century that Theodor Scheimpflug, a 
captain in the Austrian army, pro- 
vided a feasible solution for the prob- 
lem that had baffled Laussedat. 
To obtain complete coverage of the 
visible area from a camera station, 
Scheimpflug used an eight-lens cam- 
era attached to the basket of a cap- 
tive balloon. This camera (Fig. 4) 
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consisted of seven lenses taking ob- 
lique photographs grouped around a 
central lens taking a vertical photo- 
graph. The eight exposures were 
transformed into an extremely wide- 
angle, single, composite photograph, 
by a universal transforming printer. 
Following Scheimpflug’s work, there 
was a period of development of 
multiple-lens cameras, ranging from 
three to nine lenses, all with the single 
objective of obtaining wide photo- 
graphic coverage from a given air 
station. The wide coverage of multi- 
ple-lens cameras is still considered 
very advantageous in some types of 
mapping. A nine-lens camera is used 
by the U. S. Coast and Geodetic 
Survey in this country and by at 
least one commercial organization in 
Europe. 

Even with captive balloons, ground 
crews were still necessary to move the 
cumbersome apparatus across the 
countryside, a slow and costly oper- 
ation. Free balloons, propelled by 
electric motors, were in use as early 
as 1884, but they were not used ex- 
tensively for photography. Possibly 
the oscillations were so great that 
their use was impracticable. 

Aeronautical developments changed 
the situation completely in the 
early part of the twentieth century. 
A German zeppelin captured in 
France in August 1914 was found to 
be equipped with an aerial camera, as 
was an airplane shot down later 
in that year. This was a develop- 
ment of the utmost significance. The 
camera could now be carried to the 
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FIG. 6. Stereocomparator, 1901 








desired aerial exposure station easily 
and rapidly without the necessity of 
placing a crew in the area to be 
photographed. 

Conceding that there are a number 
of ways of utilizing aerial photog 
raphy, the writers will confine 
themselves to problems connected 
with map making from single-lens 
vertical photographs using a plotting 
instrument. A vertical photograph 
is one taken with the optical axis of 
the camera nearly vertical or, in 
other words, with the plane of the 
photograph nearly parallel to the 
earth's surface. If the plane of the 
photograph were exactly parallel t 
the earth’s surface at the time of ex 
posure and if the surface of the earth 
were perfectly flat, the photograph 
would represent a true map. How 
ever, the airplane noses and rolls as 
it flies its course, so that the photo- 
graph is invariably tilted to some de 
gree. As a result, the image of the 
earth's surface on the negative does 
not have a uniform scale. Further- 
more, the relief of the terrain causes 
local displacements of the image. 
These are fundamental geometrical 
properties of the photograph arising 
from the orientation of the camera 
and the nature of the terrain. In 
addition, the image is distorted by 
the physical imperfections of the 
photography, such as lens aberra 
tions, camera movement during 
exposure, film curvature, and film 
shrinkage. Because of these three 
factors—tilt, relief, and photographic 
imperfections—the task of converting 
aerial photographs into accurate topo 
graphic maps presents a formidable, 
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but by no means insurmountable, 
problem. Some methods of solving 
this problem will now be examined. 


Application of Stereoscopy 


When the problems of aerial photo- 
grammetry or terrestrial photogram- 
metry are solved by the use of stereo- 
scopic instruments, the procedure is 
referred to as stereophotogrammetry. 
It should be understood that stereo- 
scopic plotting instruments do not 
offer the only solution to these prob- 
lems. For example, the radial-line 
method of plotting, known as early as 


FIG. 7 


Sketchmaster 





1893, with its corollary, the slotted 
teniplet method, has a wide and use- 
ful application in photogrammetry. 
The positions of points in the radial- 
line method are plotted in their cor- 
rect relative position to one another 
by a system of intersection and re- 
section, using the radial center of 
each photograph as the origin of 
radials through the images of the 
points. There are also strong, al 
though somewhat tedious, analytical 
methods of solution based on par- 
allax measurements. 

By far the greater part of photo- 
grammetric mapping, however, is 
done with stereoscopic plotting in- 
struments. The parlor stereoscope 
was a fatmiliar instrument of the late 
nineteenth century, and photogram- 
metrists were quick to recognize the 
possibilities of three-dimensional 
viewing of photographs for surveying 
purposes. A_ stereoscopic plotting 
instrument (Fig. 5) for use with 
terrestrial photographs was devised 
about 1890 by E. Deville, Surveyor- 
General of Canada. This was prob- 
ably the first such instrument to 
prove of practical value. At about 
the same time, the Italian Professor 
Porro and the German Professor 
Koppe developed the important Por- 
ro-Koppe principle of overcoming the 
effect of camera lens distortion by 
observing the photograph through a 
lens identical to the camera lens. 

A fundamental problem in the 
utilization of stereoscopic principles 
was the necessity of devising a method 
of horizontal and vertical measure- 
ment in the stereoscopic model. In 
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1892, Stolze, of Germany, discovered 
the principle of the floating mark, 
and soon therafter his compatriot 
Pulfrich developed a_ practicable 
method of measuring with floating 
marks. These advances opened the 
way for the development of modern 
stereoscopic plotting instruments. 
The catalog of stereoplotting in- 
struments is long and varied. They 
range from simple and inexpensive 
instruments of low accuracy to in- 
tricate and costly machines of the 


highest precision. Most of these 
instruments have a useful function 
for some specific purpose. If only 


form lines are required, there is no 
need to have a precision instrument. 
If high precision is required, it cannot 
be obtained with a low-cost instru- 
ment. 

The problem of tilt and relief dis- 
placements is solved in the same 
general manner in most stereoplotting 
instruments, although there are wide 
differences in the mechanical details 
and in the degree of accuracy at- 
tained. A pair of overlapping photo- 
graphs is oriented in the instrument 
to recover the relative orientation of 
the negatives at the instant of ex- 
posure. A stereoscopic viewing sys- 
tem is provided so that a miniature 
model of the terrain appears to be 
created. The model can be brought 
to the desired scale and oriented with 
respect to a datum, as represented 
by ground-survey control points. 
Measurements are made, and map 
detail is transferred to the manuscript 
sheet, by a floating mark. Since the 
space model is similar in every re- 


FIG. 8. KEK plotter 
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spect to the terrain in nature, the tilt 
and relief displacements are auto- 
matically solved. As the clarity and 
geometrical accuracy of the model 
and the precision of transferring de- 
tail to the map increase, the accuracy 
of the map produced increases and 
so, very likely, does the cost of the 
instrument. 

The mechanical and optical prob- 
lems involved in the design of 
stereoplotting instruments are multi- 
tudinous, and often very complex. 
Beginning with the development of 
the Stereocomparator (Fig. 6) by 
Pulfrich in 1901, there has been a 
steady stream of plotting devices with 
many variations in mechanical and 
optical details. But practically all 
have the fundamental objective of 
recovering the original relative orien- 
tation of the photographs as a step 
toward creating a space model. 
These devices may be roughly classi- 
fied as follows, in ascending order of 
accuracy and cost: 

1. Simple non-stereoscopic in- 
struments for limited purposes, such 
as the Sketchmaster (Fig. 7), which 
do not provide a three-dimensional 
model. 

2. Topographic mapping instru- 
ments utilizing paper contact prints, 
such as the KEK plotter (Fig. 8). 

3. Topographic mapping instru- 
ments utilizing anaglyphic projection, 
such as the Multiplex (Fig. 9). 

4. Topographic mapping instru- 
ments utilizing optical or mechanical- 
optical trains, such as the Autograph 
A-5 (Fig. 10). 


FIG, 9. Principle of the Multiplex 























































The problem of imperfections in 
the original photography, common to 
all plotting methods, has never been 
wholly solved. There are various 
methods for compensating the effects 
of camera lens distortion and film 
shrinkage, but the real solution is the 
elimination of these effects at the 
source. There has been some prog- 
ress in this direction recently. New 
photogrammetric lenses, virtually dis- 
tortion free, have become available 
and plans have been made for the 
installation of some of these in 
aerial cameras. One solution of the 
film shrinkage problem is the use of 
glass plate negatives, but this is ex- 
pensive and inconvenient. A new 
plastic-base film of very high dimen- 
sional stability has been announced, 
and may aid in eliminating the 
shrinkage problem. 

Only in the last decade or so has 
photogrammetry had a really pro- 
found influence on the economics 
of surveying and mapping. Until 
about 1935, photogrammetry had 
operated, relatively speaking, solely 
on the fringes of the broad field. 
However, when the full impact of a 
century of development was brought 
suddenly to bear, under the urgent 
necessities of World War II, the 
effect was revolutionary and _per- 
manent. Within the last ten years 
photogrammetry instead of field work 
with the plane table has become the 
basic procedure for the making of 
topographic maps and for many other 
activities in the surveying field. 
This does not mean that field work is 
a thing of the past. Field engineers 
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are still needed in considerable num 
bers for control surveys, for comple 
tion surveys, and for contouring flat 
terrain. But the undeniable fact is 
that, in major mapping enterprises, 
field operations are now supplemen- 
tary to photogrammetric operations 
and must be tailored to fit the photo 
grammetric program. 

Such a revolution, which has af- 
fected governmental and commercial 
mapping organizations alike all over 
the world, would not have come 
about unless it paid in dollars and 
cents. Relative costs of field mapping 
versus photogrammetric mapping are 
not easy to evaluate for there is 
always the debatable question of 
how to amortize expensive plotting 
equipment and the additional service 
operations that are an inescapable 
part of photogrammetric precedures. 
However, photogrammetric proce- 
dures, if not always cheaper than field 
procedures, at least give better maps 
for the same money. Over and above 
the measurable cost per square mile 
of mapping, photogrammetry per- 
mits the completion of vast mapping 
projects within a time interval be- 
yond the range of practicability for 
field methods. Considering that in 
many instances time is money, the 
economics of the situation consist- 
ently dictates the use of photo- 
grammetric methods for extensive 
mapping projects. 

The economics of photogrammetry 
has also brought a perennial mapping 
problem—the cost of ground-survey 
control—into sharper focus than ever. 
When topography was done by plane 
table, field parties had to be on the 
ground anyway, and it seemed quite 
natural that they devote part of their 
efforts to control surveys. But now 
that the topography is determined 
from aerial photographs, the continu- 
ing need for even larger amounts of 


FIG. 10. Autograph A-5 


control to be done by surveying 
parties in the field makes everyone 
control-cost conscious. Indeed, the 
cost of control sometimes exceeds 
the cost of photogrammetric com- 
pilation. It is therefore only natural 
that intensive efforts are being made 
to eliminate, or at least reduce, the 
requirements for ground-survey con- 
trol. Some progress has already been 
made in this direction for some classes 
of mapping, using air-borne radar and 
shoran techniques. . 
Mapping by photogrammetric 
methods has broadened the scope of 
skills and knowledge required. So 
many skills and varied scientific 
backgrounds are necessary that few 
can hope to master all of them. Thus, 
although the field of surveying and 
mapping has broadened immeasur- 
ably and has created a need for high- 
level scientific knowledge, para- 
doxically the participation of the in- 
dividual in the construction of the 
map has narrowed. He now tends to 
become a specialist, participating in 
only one phase of the operations, 
whereas the old-time topographer 
knew the satisfaction of creating an 
entire map from beginning to end. 
Photogrammetry Influences Society 
Some might say, rather glibly, that 
the impact of photogrammetry on 
society is a rather far-fetched con- 
ception, that photogrammetrists can 
scarcely make their weight felt. But 
consider this conception further. 
What about the impact on society of 
aviation, of well-constructed high- 
ways, of the development of natural 
resources, of the conduct of wars? 
None would deny that all these have 
a far-reaching influence. Yet each 
depends on maps, maps now made 
largely from photographs. Take 
away the pilot’s aeronautical chart, 
the detailed strip map of the turn- 
































pike planner, the conservationist, 
topographic or resource map, the 
general's military map—and society 
has been deprived of vital tools indeed. 

Without the speed of photogram- 
metry, the lack of maps would con- 
stitute a bottleneck in the develop- 
ment of other fields whose importance 
is more obvious. In this way, photo- 
grammetry constitutes a very real, if 
indirect, force in the pattern of our 
civilization. 

The Crystal Ball 

It is good engineering practice to 
predict future developments by ex- 
trapolating the trends of the past. 
The trend, as we have seen it in re- 
viewing a century of experience, is 
toward the ever-increasing self-suf- 
ficiency of photogrammetric methods. 
We can look forward then to new and 
improved instruments and_tech- 
niques, to new methods of obtaining 
control without recourse to ground 
surveys, and to an ever-increasing 
demand for more and better maps. 
At the same time, since every new 
development has raised its new quota 
of problems, we can expect that the 
photogrammetrist of the future, hav- 
ing solved the most baffling problems 
of today, will be vexed by questions 
beyond our conception. 

Even if distortion-free lenses, mech- 
anically perfect cameras, absolutely 
stable film, faultless developing 
techniques, and sharp-sighted, trou- 
ble-free plotting instruments could be 
produced, photogrammetry would 
still be confronted with difficult and 
interesting problems. In areas of 
heavy timber cover, the ground 
would still be invisible to the camera. 
Adequate ground control would still 
be difficult to obtain in remote or 
inaccessible areas. Personnel suf- 
ficiently skilled in both the science of 
photogrammetry and the art of topog- 
raphy to utilize the procedures to the 
best advantage would still be rela- 
tively rare. 

Although photogrammetry has 
come a long way technically since 
1852, it has still a long way to go. 


(Figures 1 and 3 are from Photography 
Applied to Surveying, by Lt. Henry A. Reed, 
John Wiley & Sons, New York, copyright 
1888, reproduced by permission. Figures 4, 
5, and 6 are from Photogrammetry by O. von 
Gruber, American Photographic Publishing 
Co., New York, 1942, also reproduced by per- 
mission. All other illustrations are U. S 
Geological Survey Photographs.) 

(This article is based on the paper presented 
by the authors at the Surveying and Mapping 
Division session presided over by W. H 
Rayner, chairman of the Division’s Executive 
Committee, at the Centennial Convention in 
Chicago. ) 
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One hundred years 


of water power 


W. F. UHL, M. ASCE 
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Development of water power during 
the last 100 years covers approxi- 
mately the second and third phases of 
such development. There was a 
fairly distinct break in’ the art of 
water power development and the use 
of water power about 100 years ago 
and again about 50 years ago, repre- 
senting these two phases and covering 
the period in which we are more par- 
ticularly interested at this time. 
However, for the sake of continuity it 
may be of interest to review briefly 
the first phase of water power devel- 
opment. 

This first or earlier phase goes back 
to ancient times and in this country 
covers a period of over 200 years 
(from about 1650 to 1850). It in- 
cludes the early uses of water power 
for driving the small industries of our 
pioneer ancestors. 

One of the earliest water power 
developments was constructed by 
Israel Stoughton in 1634 at the Lower 
Falls of the Neponset River between 
Milton and Dorchester, Mass. Here 
the water power was used to drive a 
grist mill, a saw mill, and a powder 
mill. In recent years a hydroelectric 
plant has been built at the same site. 
Thus, the water at this site has been 
in constant use for power for over 300 
years. Another of the very early 
practical applications of water power 
in this country was in a tidal mill 
built on Mill Creek near Boston in 
1631. 

The grist mill was a most important 
community industry in the early days, 


Power developed at St. Anthony Falls on 
Mississippi River at Minneapolis, beginning 
in 1848, operated flour mills and factories. 
These illustrations, showing the falls before 
and after development, are from U.S. Cen- 
sus of Water Power, Part II, 1880. 
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and as a result many of our towns 
grew up around the milldams. Since 
the amount of power required by saw 
and grist mills was small, the develop- 
ments usually consisted of low dams 
on small streams, operating water 
wheels of the pitchback, overshot and 
undershot types, or breast wheels. 


Second Phase Started About 
100 Years Ago 

The second phase of water power 
development, and the era in which 
we are here chiefly interested, started 
about 100 years ago with the intro- 
duction of the then generally adopted 
factory system in industry. The new 
industries required larger amounts of 
power than had been previously used, 
and the result was larger water power 
developments. 

About 1850 the old overshot and 
breast. water-wheels were being 
largely supplanted by turbines devel- 
oped by Francis and Boyden. These 


turbines were more readily adaptable 
both in physical form and in output 
for use with the increased require- 
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This breast wheel is one of several 16-ft-dia 
cast-iron wheels installed in Prescott Mills, 
Lowell, Mass., 1844. From ASCE Transac- 
tions, 1922, Paper No. 1503, by A. T. Safford, 
M. ASCE, and E. P. Hamilton. 























Tub wheel, early form of reaction turbine, 
is father of modern high-speed turbine. Its 
origin is French, as early as 1620. From 
ASCE Transactions, 1922, Paper No. 1503. 
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ments. Here again necessity was the 
mother of invention. 

The demand of the new factory 
system of the times was frequently 
met by water power developments 
built on a cooperative basis on the 
larger rivers and led to the building of 
a new type of planned industrial city. 
The pattern of these developments 
was set by the practical impossibility 
of transmitting power, except for 
short distances, from the water wheel 
to the driven pulley by ropes, belts, 
gears and shafting. Therefore the 
energy-producing medium, water, had 
to be brought by a canal or system of 
canals to the point where the power 
was to be used. 

In a typical development a com 
pany purchased land and water rights, 
and built a dam and canal system. 
The canals were laid out to permit the 
construction of industrial plants be 
tween water levels, usually with falls 
about 15 ft high between adjacent 
canals, or between the canal above 
and the river below. Frequently the 
same company laid out the entire 
town including streets, parks, and 
other facilities. The water power 
company sold land and water rights to 
power-using industries. 

The first large-scale development of 
a city planned around water power 
was at Lowell, Mass. The naviga 
tion canal of the Proprietors of the 
Locks and Canals on the Merrimack 
River, founded in 1792, was utilized, 
together with the existing dam. The 
first mill on this canal, the Merrimac 
Co., was established in 1822. 

Other similar developments on the 
Merrimack River were made at Man- 
chester, N. H., and Lawrence, Mass. 
At Manchester the Amoskeag Manu 
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facturing Co. in 1831 purchased land 
and developed water power for two 
small cotton mills. By 1845 the dam 
and most of the present canal system, 
and many of the mills which later 
formed the Amoskeag Manufacturing 
Co., were built. At Lawrence the 
development was made by the Essex 
Co., incorporated in 1845, and the 
canal system as it now exists was laid 
out and largely built by 1870. 

Elsewhere in New England and in 
such other places as Cohoes, N. Y.., 
Richmond, Va., Appleton, Wis., Au- 
gusta, Ga., and Minneapolis, Minn., 
similar projects were organized, which 
resulted in the development of many 
of the industrial centers of that era. 

The development of water power at 
Holyoke, Mass., on the Connecticut 
River in 1848, involved the construc- 
tion of a dam of unprecedented size, 
and the canal system comprising three 
levels was the largest built up to that 
time. 

Nearly all water power develop- 
ment prior to 1850 was carried out 
east of the Mississippi River, and as 
late as ISSO only about 5 percent of 
the then 1,352,500 hp of water power 
development existed west of the Mis- 


owned 
development 
on Savannah River, 
built by city of 
Augusta, Ga. in 


Municipally 
power 


1847, continued in 
use as late as 1875. 
From 50-ft fall, 10,000 
to 30,000 hp was 


available. Repro- 
duced from US. 
Census of Water 


Power, Part I, 1880. 
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Development of water power lagged 
after about’ 1860 for two principal 
reasons. One was the scarcity of 
suitable sites within the limitations of 
mechanical power transmission and 
the other, the then rapidly improving 
economy of steam power production. 

Late in the eighteenth century early 
forms of the steam engine were devel- 
oped in Europe but their use was 
largely confined to pumping water. 
Within a period of 50 years the steam 
engine had been perfected to the 
extent that it became a dependable 
although expensive source of power. 
The development of a practical steam 
engine led to the establishment of in- 
dustries in places where water power 
was not available in the quantities 
needed. The first of these plants 
were the Naumkeag Steam Cotton 
Mills of Salem, Mass., founded in 
1845, and the Wamsutta Mills of New 
Bedford, Mass., built in 1846. 

In 1848 the steam engine was fur- 
ther improved by the invention of the 
Corliss valve, resulting in the adop- 
tion of this type of engine in many 
plants either as a sole source of power 
or to supplement water power. 

The effects of improved economy of 





sissippi River. steam power production can best be 
TABLE |. Comparative Amounts of Steam and Water 
Power in Use, 1850-1900 
PERCENTAGE OF TOTAL 
YEAR HORSEPOWER OF HORSEPOWER OF ~ 
Water Power Stream Power WATER STEAM 
1850 662 ,000 488 000 57.5 42.5 
1860 930 000 820 ,000 53.0 47 .( 
1870 1,205 ,000 1,491 ,000 44.5 55.5 
1880 1 352,500 2,710,000 $3.5 66.5 
1890 1.521.500 5,904 .000 20.5 79.5 
1900 1,830,000 12,503 ,000 13.0 87.0 
September 1952 e CIVIL ENGINEERING 
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Hydro power de- 
velopment at Niagara 
Falls in 1882, by 
Niagara Falls Hy- 
draulic Power and 
Manufacturing Co., 
was capable of sup- 
plying 4,000 hp. 
Wheel pits sunk 30 
to 80 ft into top of 
cliff, with tailrace 
tunnels to face, util- 
ized only part of 
available _ potential 
From U.S. Census of 
Water Power, Part 


I, 1880. 


realized from a comparison of the rel 
ative amounts of water and steam 
power in use during the period from 
1850 to 1900. (Table I) This in 
cludes power for manufacturing, in 
mines and quarries, for irrigation and 
drainage, in electric central stations 
and for electric railroads. 

It will be noted that the increase in 
use of water power from 1870 to 1880 
was only about 147,000 hp, or 12 per 
cent. In the same time the capacity 
of steam power plants installed for 
manufacturing and all other purposes 
for which water power was used in 
creased about 1,219,000 hp, or 82 per 
cent. Very little water power was 
used for other than manufacturing 
and in mines and quarries previous to 
1SSO0. 

About 12,000 hp was so used in 
mines and quarries in 1850. By 1890 
water power used for these purposes 
reached a maximum of 250,000 hp. 
By 1900 the use of water power in 
mines and quarries was somewhat 
Jess than 100,000 hp, having been 
largely displaced by steam power. 
By this time a substantial amount of 
water power was used for irrigation 
and drainage and for electric genera- 
tion in central and railway stations. 


Third Phase of Development 


The beginning of the third phase of 
water power development in this 
country occurred about 50 years ago 
and coincides largely with the devel- 
opment of the art of alternating-cur 
rent electric generation and long-dis- 
tance transmission. In September 
1882, the world’s first hydroelectric 
station was placed in operation at 
Appleton, Wis. The first appli- 
cation of the transmission of power 
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using step-up and step-down trans- 
formers was made at Great Barring- 
ton, Mass., on March 16, 1SS6. 

These were small-scale experi- 
mental developments, and the first 
large-scale hydroelectric develop 
ment did not take place until 1895, 
when the first important Niagara 
Falls plant was put into commercial 
operation. History records the fact 
that when the extensive development 
of water power at Niagara Falls was 
first seriously considered about 1890, 
it was thought that the best method 
to transmit the power to factories at 
relatively short distances from the 
Falls would be by compressed air. 

The extensive development of 
water power which started about 1900 
could not have taken place without 
the concurrent development of the art 
of transmission and distribution of 
electric energy, since most of our 
water power which was naturally 
adaptable for economical develop- 
ment was located at points somewhat 
remote from the market for power. 

Long-distance electric transmis- 
sion of energy in the United States 
dates from 1893, when the polyphase 
system was first used for carrying a 
current of high voltage from the plant 
of the San Antonio Light & Power 
Co., at Pomona, Calif., to San Ber- 
nardino, a distance of 19 miles. The 
transmission voltage was 10,000. By 
1900 transmission of electric cur- 
rent at 40,000 volts had been accom- 
plished. By 1909 this was success- 
fully increased to 110,000 v and to 
220,000 v by 1923. 

It was the chemical and central- 
station industries which revived the 
development of water power about 
1900. Between 1900 and 1910 water 


power development increaséd by over 
2,000,000 hp or about 115 percent. 

The development of hydroelectric 
power at Niagara Falls marked the 
beginning of the electric furnace art 
and the discovery and development of 
many materials that are now essential 
basic materials in American industry. 
Aluminum, calcium carbide, and 
many now common things were only 
laboratory curiosities prior to the 
development of Niagara power. 

The first customer of the Niagara 
Falls Power Co. was the Pittsburgh 
Reduction Co., manufacturing alum- 
inum. Next came the Carborundum 
Co., and these were shortly followed 
by many others making ferro-alloys, 
sodium, silicon, magnesium, potas- 
sium, phosphorous compounds, graph- 
ite, and the fixation of atmospheric 
nitrogen and many other now indis- 
pensable products. For a period of 
about 30 years following the Niagara 
development, the aluminum, pulp and 
paper, and some other chemical in- 
dustries built their plants where large- 
scale low-cost water power was avail- 
able within electric transmission dis- 
tance. 

Start of Central-Station Industry 

The electric central-station indus- 
try which today produces the major 
portion of the power used for indus- 
trial and domestic purposes may be 
considered to have started with the 
construction of Thomas A. Edison's 
famous Pearl Street Station in New 
York City, which began operations 
September 4, 1882. The central- 
station industry expanded rapidly 
once the advantage of electrical gen- 
eration, transmission and distribution 
of power was recognized. 
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Although the production of steam 
power increased more rapidly than 
water power after 1860, the cost of 
steam power was comparatively high. 
As late as 1900, it required from 3 to 5 
Ib of coal to produce | hp-hr. This 
fact and the successful development 
of electric transmission of power stim- 
ulated the development of water 
power by this industry. 

Thus the electric furnace and the 
art of electrical generation and trans- 
mission of power stimulated the 
development of water power to such 
an extent that it increased from 
1,860,000 hp in 1900 to 14,000,000 hp 
in 1930. In 1900 only 13 percent of 
the total power capacity was water 


power. By 1930 water power capac- it is interesting to note, as shown Within the range of possible 
ity had increased to about 20 per- in Table III, that the use of electric economic feasibility 
TABLE IV. Public Water-Power Developments 
Under Intevior Department Control, 1952 
. AGENCY PRESENT ULTIMATE No. 0 
TABLE Il. Water and Thermal Power Capacity, Pia 
. P 1. Operating plants, capacity in kilowatts 
1900 to 1950, in the United States aoe prey ' 
Bureau of Reclamation 2,124,700 2,550,700 24 
Pancantace or Total Bonneville Power Adm 2,496,400 2 496,400 2 
Wean eeememen of i eemimn os : Southeastern Power Adm 335 ,600 569 = i 
Wartrkr Power THERMAL PowER WATER THERMA! Southwestern Power Adm 158,600 342 1 ; 
Bureau of Indian Affairs 10,320 10,320 2 
19000 1. 860.000 12.5038 .000 in Oo a7 0 Bureau of Mines* 22 500 22,500 1 
1910 $, 100,000 25 , 860 , 000 13.7 86.3 National Park Service? 520 520 2 
1920 7,800 000 {8 000.000 17.0 83.0 Nationa! Park Service 2 355 2,355 ; 
1930 14,000 ,000 55 300 000 0.2 79.8 7 F es . 
1940 17.250.000 60,250 000 1.4 78.6 Total operating plants 5 150.995 5,994 495 ‘1 
1950 26 200 000 90 500 000 8.7 77 
2. Plants under construction 
Bureau of Reclamation 1,197,550 1,679,250 i3 
Bonneville Power Adm 3,559 600 +, 863 ,600 10 
Southeastern Power Adm 738 000 750 ,000 7 
Southwestern Power Adm 344 .000 526.500 > 
TABLE Ill. Central-Station and Industrial-Plant Total under construction 5, 839,150 6,819 350 35 
Horsepower Compared, 1900-1950 3. Authorized plants not yet under construction 
Bureau of Reclamation 1,183,900 1,499,400 28 
Fora WATER Porat Porat Porat Bonneville Power Adm 1,074,000 4,445,000 10 
YRAR AnD CENTRAL INDUSTRIAL INDUSTRIAI Southeastern Power Adm 1,125,210 1,543,210 20 
THERMAL STATION PLANT PLANT Southwestern Power Adm 831, 100 1, 163,635 19 
HORSEPOWER HorsePowreR HORSEPOWER KILOWATTS 
1900 14,363 ,000 2,800 ,000 11,563,000 8, 100,000 rota! authorized 7,214,210 8,651,245 77 
1910 29 960.000 & 400.000 21,560,000 15,200,000 Operating >,150,.995 5,994 495 11 
1920 15, 800,000 18,300,000 27 , 500,000 20 000 000 Under construction 5, 839,150 6,819,350 85 
1930 69 , 300,000 46,500,000 22,800 .000 16,200 000 
1940 77 , 500 ,000 56 , 500 , 000 21,000 ,000 14,900 000 Granp Torat of 1, 2 and 3 18,204 355 21,465,090 
1950 116,800 000 97 .000 000 19, 800 000 14,000 000 
* Steam plants t Internal combustion plants 
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Wheeler Dam and Powerhouse was first 
main-river project constructed by Tennessee Valley 
Ultimate capacity 





Right: 


is 260,000 kw. 


cent of the total capacity for indus- 
trial and domestic use. During the 
following 20 years, from 1930 to 1950, 
the capacity of water power plants al- 
most doubled but increased to only 
about 23 percent of the total power 
capacity, water and thermal, by 1950. 

Very little water power was devel- 
oped by industry after 1930, and only 
about 2 million kw of such power has 
been developed by privately owned 
utilities since that date, whereas, 
more than 7 million kw of publicly 
owned water-power capacity has been 
developed in the same period. Water 
and thermal power capacity in the 
United States from 1900 to 1950 is 
listed in Table II. 











Bonneville Powerhouse, built on Columbia 
River near Portland, Oreg., by U.S. Corps of Engi- 
neers, 1933-1937, has capacity of 518,400 kw. 


power generated in central stations 
increased more rapidly after 1910 
than the power generated by indus- 
tries for their own use, and that the 
latter reached a peak about 1920. 
Undeveloped Water Power 

No accurate data are available re 
garding the amount of water power 
that remains undeveloped in this 
country. Indicative figures issued 
from time to time are often quite mis 
leading. The following are terms 
sometimes used in estimating the a 
mount of undeveloped water power 

1. Economically feasible 
2. Technically possible 


‘ 


3. Engineeringly feasible 
4 
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Estimates of water power available 
should state the amount available 
100 percent of the time and for other 
percentages of time. Obviously all 
power available for less than 100 per- 
cent of the time is marginal power and 
less valuable for most industrial pur 
Such marginal power can be 
utilized to advantage where it can be 
fitted into an interconnected power 
system having a proportionately large 
amount of fuel-burning steam or other 
thermal power plants. Marginal 
power output from hydroelectric 
plants may well cost more than the 
incremental fuel thermal 
power plants, and where this is so, 
the overall cost of power may well in- 
crease rather than decrease as a result 
of utilizing water power. 

Estimates of undeveloped water 
power in the United States vary all 
the way from 50 million to 100 million 
hp. Fifty million hp is assumed to be 
available about 50 percent of the time 
and about 35 million hp 90 percent of 
the time. 

Adequate field surveys of many of 
the streams on which undeveloped 
water power is assumed to exist are 
not available. In some cases the rec- 
ords of stream flow do not cover a 
sufficient length of time to permit re- 
liable conclusions to be arrived at. 
At many sites the factors which de- 
termine the proper size of installation 
are unknown and can only be derived 
by further and more exhaustive 
studies. 

Our records of rainfall and stream 
flow cover a limited period of time. 
However, a study of such records as 
we have, indicates that with time new 
minimum and maximum rainfall pe- 
riods and consequent stream flows are 
experienced. Thus droughts and 
floods seem to become more severe. 
Actually, they probably are no more 
severe that those that occurred in 
past centuries. As yet our reliable 


pe ses. 


costs of 


records cover relatively short periods 
Only a few rainfall records 


of time. 
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Left: Horse Mesa Dam and Powerhouse on Salt River, 
Arizona, were built by U.S. Bureau of Reclamation in 
Giant among hydroelectric plants is that 





exceed 100 years and most stream- 
flow records cover less than a 50-year 
period. 

We now have about 26 million hp 
of installed water-power capacity. 
How much of this is dependable 
capacity, and for how much of the 
time it is dependable, is difficult to 
determine. 

Quite accurate records of water 
power capacity and output are avail 
able for public utility, municipal, and 
government-owned plants, covering 
the recent past. In 1950 the water 
power capacity of these plants totaled 
about 17,675,000 kw (about 25 mil 
lion hp), and their output amounted 
to about 96 billion kwhr. This was 
about 29 percent of the total electric 
power generation by public and pri 
vate utility plants in that year. 

In 1920 hydroelectric generation 
by utilities was about 40 percent of 
the total, the other 60 percent being 
generated by thermal power plants. 

In 1950, industrial establishments 
producing electric energy for their 
own use accounted for only about 
1,000,000 kw of water-power capacity 
and about 5 billion kwhr of water- 
power generation. 

Important Role of Thermal Power 

Availability of electric power is 
becoming increasingly dependent 
upon thermal generation. It is in 
teresting to note that the Tennessee 
Valley Authority, which started out 
as a water-power project, now has 
3,144,050 kw of steam-plant capacity, 
either in service or planned to be in 
operation by 1954. By that time its 
installed water-power capacity is 
planned to amount to 2,656,900 kw, 
or nearly 500,000 kw less than its 
steam-power capacity. 

In 1920, the Federal Government 
generated less than one-half of one 
percent of the central-station water 
power produced in this country. By 
1950, it generated about 40 percent of 
the central-station water power. If 





at Grand Coulee Dam, built by U.S. Bureau of Reclama- 
tion on Columbia River in Washington. 
on each side of river will generate 3 million hp. 





Nine generators 


we include cooperatives, power dis- 
tricts and state projects, these figures 
become somewhat less than | percent 
in 1920 and 43 percent in 1950. If 
we include municipal electric util- 
ities in the figures, we have 4.5 percent 
of all water power generated by gov 
ernment-owned plants in 1920 and 
17.3 percent in 1950. 

The government or publicly owned 
water-power plant capacity amounted 
to about 5.2 percent in 1920 and 45.4 
percent of the total central-station 
water-power plant capacity developed 
in this country in 1950. 

The Electrical World News Issue 
of March 3, 1952, published data 
which show to what extent the Fed 
eral Government has entered the field 
of water-power development and con- 
trol under management of the Inte 
rior Department. Table IV is a com- 
pilation of these published data. 

This compilation of historical data 
concerning our water power use and 
resources during the past century is 
based on a large mass of information 
from many sources, some of which is 
necessarily approximate, including 
the writer's personal experience dur- 
ing the last half of this period. 

It would be too burdensome to 
credit all sources of information in 
detail. Much material published by 
various government and private a- 
gencies is available but the most use- 
ful and reliable information on devel- 
oped water power, especially cover- 
ing the earlier part of the 100-year 
period, is available from the U. S. 
Census Reports. A special water- 
power Census Report was prepared 
for 1880, which is a classic and should 
be studied by all interested in the 
history of water power in the United 
States. 


(This article was prepared from the paper 
presented by Mr. Uhl before the Power Divi 
sion session presided over by Byron McCoy, 
chairman of the Division’s Executive Com- 
mittee, at the Centennial Convention im 
Chicago. ) 
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I this article a multipurpose de 


velopment is taken to mean a water 


control project, or a system of proj 
ects, serving two or more primary 
purposes, one of which is the pro 
duction of hydroelectric power. A 
purpose will be considered primary 
only when it is one for which the 
project was authorized or constructed, 
or when it otherwise has become a 
substantial paying partner in the 
enterprise 

The trend toward multipurpose 
projects will be traced through the 
historical development of various 
purposes, in connection with both 
technological advancement and stat 
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Left: 


attempt will 
firsts among 
Rather, rep 
cited 


utory influence No 
be made to establish 
multipurpose projects 
resentative projects will be 
to illustrate various phases of devel 
opment—projects which are widely 
known and which, in their time, were 
of major importance 


Canals Supply Navigation and Power 


It is believed that, within the fore 
going limitations, the first significant 
multipurpose developments were the 
early canals which antedated the 
railroads. These waterways fur 
nished water for power development 
as well as for navigation. Head 
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DOUGLAS DAM ® Above: NORRIS DAM 


Trend 


was created at the diversion dams 
built along the streams for diverting 
feed water, at the lock sites, and at 
points where water could be returned 
from the canal to the stream with 
considerable fall. Such power sites 
were in great demand by early manu 
facturers on the frontier and were 
the nucleus of many large industrial 
centers. 

The late Arthur T. Safford, M. 
ASCE, Engineer for the Proprietors 
of Locks and Canals on the Merri 
mack Canal, has stated: 


he Proprietors of Locks and Canals on 
the Merrimack River were incorporated in 
1792 for the purpose of making the stream 
navigable from tidewater to the New Hamp 
shire line rhe development of the water 
power available at Pawtucket Falls, in 
Lowell, Massachusetts, was commenced by 
the Proprietors in 1821 
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_FORT LOUDOUN DAM 


; Norris Dam, on Clinch River, was first dam 
: built by TVA. It was authorized in original 
' 1933 TVA Act as multipurpose structure. 
) Nine multipurpose dams on tributaries of 
, Tennessee River have since been completed. 
» Among them are three pictured here: 
» Douglas Dam on French Broad, seen with 
) water being spilled through discharge con- 
duits to preserve storage capacity reserved 
for flood control; Fort Loudoun near head of 
Tennessee River; and Kentucky Dam near 
/mouth of Tennessee River. Photo of latter 
shows navigation lock, powerhouse, and 16 
{t of storage capacity permanently reserved 
for flood control. 


JAMES S. BOWMAN, M. ASCE 


Chief Water Control Planning Engineer, TVA 
Knoxville, Tenn. 


KENTUCKY DAM 


toward multipurpose developments 


With the movement away from 
the Atlantic Seaboard, many of the 
new states built canals to supple- 
ment the rivers as a more stable 
means of transportation to the inte- 
rior. Power leases at strategic points 
along these canals proved an impor- 
tant source of revenue to the growing 
commonwealths. During the two 
decades from 1825 to 1845, pros- 
perous manufacturing communities 
sprang up around these sites. Iso- 
lated sections of the old canals can 
still be found, supplying water for 
the power rights, almost a century 
after the last canal boat disappeared. 

It is interesting to note that much 
of the early development of hydraulic 
turbines in America was contempo- 
rary with the development of power 
sites along the old canals. Many of 
the early inventors did their work 
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on turbines along the Merrimack 
River or along other waterways near 
the seaboard. Farther west in Ohio, 
small ironworks along the early 
canals, licensed under the patents 
of the eastern inventors, built tur- 
bines to supply the local need. A 
number of these became prominent in 
the field of hydraulic turbine design 
and manufacture. 


Irrigation Becomes a Primary Purpose 


For almost a century after the 
beginning of the canals, there seem 
to have been no other multipurpose 
developments than those for naviga- 
tion and power. However, with the 
passage of the Reclamation Act in 
1902, irrigation became a primary 
purpose. Dams and reservoirs of 
considerable size were built for the 
storage of irrigation water. with 


appurtenant hydroelectric plants to 
develop power from the water re- 
leased during the irrigation season. 
This power was used for lifting the 
same water into high-level canal 
systems and for other project pur- 
poses. 

Roosevelt Dam on the Salt River 
in Arizona and Shoshone Dam on 
the Shoshone River in Wyoming, 
built between 1906 and 1911, are 
prominent examples of such construc- 
tion. During this period and in 
later years, many multipurpose ir- 
rigation and power projects were 
completed by the U. S. Reclamation 
Service and its successor, the U.S. 
Bureau of Reclamation. 

During the early years of the same 
period in California, the City of 
Los Angeles built the aqueduct from 
Owens Valley primarily to provide 
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a domestic water supply but also to 
supply water for municipal power gen 
eration and minor irrigation. Later, 
in 1914, the City of San Francisco 
began the Hetch Hetchy project to 
supply water and industrial power 
to the San Francisco area. The 
initial phases of this project were 
substantially completed by 1924. 
Both projects were paid for almost 
entirely by municipal bond issues. 

Contemporary with the construc- 
tion of the early projects of the Rec 
lamation Service for the combined 
purposes of irrigation and power, 
several projects for navigation and 
power were built on navigable 
streams by power companies under 
special federal legislation and under 
the supervision of the War Depart- 
ment. However, in these instances, 
the power companies were required 
to build not only the dams and power 
facilities but also the major part of 
the locks at their own expense, in 
return for long-time leases of the 
power rights. The Hales Bar proj 
ect on the Tennessee River (1905 
1913) and the Keokuk project on 
the Mississippi River at Des Moines 
Rapids (1910-1913) are examples of 
this procedure. 

Twenty years later the procedure 
changed to the extent that the Army 
Engineers constructed the locks and 
dams on navigable streams and power 
companies provided the power facili- 
ties at the dams under license from 
the Federal Power Commission. A 
license fee for use of the power privi- 
lege was also fixed by the Commission. 
This practice was followed at the 
Winfield, Marmet and London dams 
on the Kanawha River, completed be- 
tween 1934 and 1937. The principle 
involved was in fact a reversion to 
that in use when the states built 
the early navigation canals. 

From this time on, the influence 
of national legislation became more 
and more evident in establishing the 
broad basis for multipurpose develop- 


ment. Apparently, the first definite 
move in this direction was in the 
authorization by Congress of the 


so-called “308 Reports.’’ Section 3 of 
the River and Harbor Act, approved 
March 3, 1925, reads as follows: 


Sec. 3 he Secretary of War, through 
the Corps of Engineers of the United States 
Army, and the Federal Power Commission 
are jointly hereby authorized and directed 
to prepare and submit to Congress an esti 
mate of the cost of making such exami 
nations, surveys, or other investigations as, 
in their opinion, may be required of those 
navigable streams of the United States, and 
their tributaries, where power development 
appears feasible and with a 
view to the formulation of general plans for 


practicable, 


154 (Vol. p. 738) 


the most effective improvement of such 
streams for the purposes of navigation and 
the prosecution of such improvement in 
combination with the most efficient develop- 
ment of the potential water power, the con- 
trol of floods, and the needs of irrigation: 
Provided, That no consideration of the Colo- 
rado River and its problems shall be in- 
cluded in the consideration or estimate pro- 
vided herein 


On April 12, 1926, in response to 
the foregoing section, the Secretary 
of War, Dwight F. Davis, submitted 
House Document No. 308*to Con- 
gress. This report presented an es- 
timate of the cost of examinations 
and surveys of about 200 rivers. 
Section | of the River and Harbor 
Act, approved on January 21, 1927, 
authorized the survey of the streams, 
recommended in House Document 
308, together with several others. 
It should be noted that although 
none of these acts authorized con- 
struction of projects on these streams, 
the multipurpose idea stands forth 
very clearly. 


Government Sponsors Flood Control 


Following the great flood of 1927 
in the Lower Mississippi Basin, the 
various Flood Control Acts of 1928 
recognized the responsibility of the 
Federal Government to protect com- 
munities from damage by floods and 
ultimately opened the way for con- 
struction, by the Federal Govern- 
ment, of great flood control works 
with multipurpose features. 

The signing of the Boulder Canyon 
Project Act on December 15, 1928, 
authorized the first of the great 
federal multipurpose projects. This 
project on the Colorado River, in 
the southwestern part of the United 
States, was to be constructed for 
the purposes of river regulation, 
navigation, flood control, and irri- 
gation. It is believed that this was 
the first time that flood control was 
recognized as a definite purpose. 
In the original authorization, no 
allocation of cost was made to flood 
control. The entire cost of the proj- 
ect was to be amortized, with in- 
terest, out of the revenues from the 
sale of water and power. However, 
in 1940, Congress allocated the sum 
of $25,000,000 to flood control, re- 
payable after 1987 following the 
amortization of the cost of the power 
and irrigation features. This alloca- 
tion was accompanied by a reduction 
in the rates for water sold for power 
generation. 

The principle that the Federal 
Government be reimbursed for flood 
control, introduced in the Boulder 
Canyon Project Act, prevailed for 
a number of years on projects where 
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flood control was involved. Then 
the statute was changed so that the 
Federal Government would build the 
structures, provided that local in- 
terests would furnish the reservoir 
lands and land rights and make the 
necessary relocations. In 1938 the 
law was again liberalized by Congress 
and since then the Federal Govern- 
ment has borne the entire cost of 
reservoir projects, with no reimburse- 
ment for the cost allocated to flood 
control 

Section 4 of the Flood Control 
Act, approved June 28, 1938, au- 
thorized certain flood control and 
river and harbor projects to be pros- 
ecuted under the direction of the 
Secretary of War and the supervision 
of the Chief of Engineers. This act, 
and practically all such acts since 
that time, further provided: 


That penstocks and similar facilities 
adapted to possible future use in the devel- 
opment of hydroelectric power shall be in- 
stalled in any dam herein authorized when 
approved by the Secretary of War upon 
recommendation of the Chief of Engineers 
and of the Federal Power Commission 


This statute gave great impetus 
to the inclusion of flood control in 
multipurpose projects. Thus, since 
the government had also assumed re- 
sponsibility for the entire cost of 
flood control reservoirs, the many 
projects of the Army Engineers in 
which flood control and power are 
combined originated with the Flood 
Control Act of 1938. The first 
recommendation by the Federal 
Power Commission, under this act, 
was for the installation of a penstock 
in the proposed Knightville Dam on 
the Westfield River in Massachusetts, 
on December 3, 1938. Since that 
time the Commission has recom- 
mended the installation of penstocks 
in some 60 dams. 


TVA Extends Multipurpose Concept 


The Tennessee Valley Authority 
Act, approved in May 1933, actually 
applied for the first time, as far as 
is known, the multipurpose concept 
to the development and _ utilization 
of the water resources of an entire 
river basin. The multipurpose feature 
is implicit in the act which gives the 
power to: 


. construct such dams and reservoirs, in 
the Tennessee River and its tributaries, as 
. will provide a nine-foot channel in said 
river and maintain a water supply for the 
same, from Knoxville to its mouth, and will 
best serve to promote navigation on the 
Tennessee River and its tributaries and con- 
trol destructive flood waters in the Tennessee 
and Mississippi River drainage basins; and 
acquire and construct powerhouses, 
power structures, transmission lines, navi 
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gation projects, and incidental works in the 
Tennessee River and its tributaries . . . The 
directors of the Authority are hereby di- 
rected to report to Congress their recom- 
mendations not later than April 1, 1936, 
for the unified development of the Tennessee 
River system. 


Norris Dam, the first built by 
TVA, was authorized in the original 
act as a multipurpose structure. 
Since then seven multipurpose dams 
on the Tennessee River have been 
constructed, completing the 9-ft chan- 
nel from the mouth to Knoxville. 
Nine multipurpose dams on the tribu- 
taries have been completed and are 
in operation. Because of Worid War 
II, some of the projects were under- 
taken much sooner than had been 
anticipated in the 1936 Report. 

For more than 25 years, beginning 
with the authorization of the “308 
Reports,’’ Congress appears to have 
adopted the multipurpose project as 
a desirable means of developing and 
conserving the water resources of the 
United States. However, the meth- 
ods of operating such projects, the 
extent of reimbursement of the Fed- 
eral Government, and the distribu- 
tion of the benefits have become sub- 
jects of acrimonious debate. To 
date these arguments have not ob- 
scured the fact that a nation faced 
with serious water shortages in many 
of its important regions can ill afford 
to conserve water for one purpose and 
at the same time neglect its possible 
economical utilization for other pur- 
poses. 


Role of Federal Government 


The construction and operation of 
major navigation, flood control, and 
irrigation projects seem to be no 
longer questioned as legitimate func- 
tions of the Federal Government. 
Such objections as have been made to 
specific projects for any or all of 
these three purposes appear to stem 
from the idea that if the projects are 
not built there will be no opportunity 
for including power facilities. The 
specific objection to the generation of 
hydroelectric power seems to center 
mainly about methods of transmitting 
and distributing output. 

Discussion of all questions may 
throw light on the future trend in 
multipurpose development. It is 
probably true that some federal multi- 
purpose projects have been built, 
which, because of meager data or 
overenthusiasm, were undertaken 
when they should not have been. 
On the other hand, it is not necessary 
to burn the barn to get rid of the rats. 
Although changes in policies may be 
expected from time to time, the in- 
tent of Congress with respect to water 


conservation is too clear to encourage 
the belief that it can be persuaded to 
stifle meritorious projects by enact- 
ing legislation to impose far more rigid 
tests of economic justification, for in- 
stance, than those applied customar- 
ily to either public or private work. 
Farm ponds and improved land-use 
practices are very good in themselves. 
However, recent attempts to substi- 
tute these for major flood control 
reservoirs, thus eliminating the op- 
portunity for multipurpose projects, 
can lead only to disillusionment and 
disaster in downstream areas when 
flood producing storms occur. The 
large reservoir is the only depend- 
able means of reducing flood stages 
on many areas. 

The present practices of federal 
agencies with respect to authoriza- 
tion, justification, reimbursement, 
allocation, and other phases of multi- 
purpose projects are extremely di- 
verse. Congress has authorized proj- 
ects without much thought of uni- 
formity of policy and, in fact, has 
drifted away from uniformity by fre- 
quent amendment of the basic acts 
to conform to the demands of local 
groups. The appointment of the 
President’s National Water Resources 
Policy Commission was recognition of 
the confusion that exists. However, 
the chances for remedial legislation 
in the near future do not seem to be 
hopeful. The recommendations of 
the Water Resources Committee in 
the mid-thirties merited much atten- 
tion but received little. 

Nevertheless the enactment of a 
sound, fair, and consistent national 
water policy should eliminate much 
of the suspicion and misunderstand- 
ing that now exist as to the impor- 
tance of multipurpose development in 
conservation of the water resources 
of the United States. 

The trend of multipurpose proj- 
ects in recent years should afford 
some indication of future trends. 
Accordingly, the data given in Table 
I have been prepared to show the 
multipurpose projects completed be- 
tween 1921 and 1950, inclusive, by 
five-year periods. The projects are 
further classified as to the agency that 
financed the construction. 

It will be observed that in these 
three decades 69 major multipurpose 
projects have been completed. In 
the first half of this period there were 
17; in the last half, 52. In the first 
half 6 were built wholly with federal 
funds, except for power plants at 
two dams, and 11 were built by 
municipalities, irrigation districts, and 
other local bodies. In the second 
half, 46 were built wholly with fed- 
eral funds, except for the power sta- 
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TABLE I. 

Multipurpose Projects Involving 
Hydroelectric Power Completed 
Between 1921 and 1950, Inclusive 


TOTAL MEANS OF FINANCING 
Proj Loan- 

PERIOD ECTS Federal Grant Private 
1921-1925 6 3 3 
1926-1930 7 1 6 
1931-1935 4 2 2 
1936-1940 15 13 l 1 
1941-1945 i8 14 3 1 
1946-1950 19 19 

Totals 69 52 1 13 





tion at one dam; four others were 
jointly financed by the Federal Gov- 
ernment and by local agencies; and 
only two were built entirely by local 


financing. 
A comparison of the number of 
federal multipurpose projects in- 


volving electric power and financed 
by federal funds since 1933 shows that 
in 1946 there were 33 such projects 
completed and in service. In 1952 
there were 52 projects in service, an 
increase of 19 in six years. In 1946, 
28 projects were under construction, 
while in 1952 there were 34. 

The approved and authorized fed- 
eral multipurpose projects on which 
no work has been started total 95 at 
this time. 

These data seem to indicate that 
the multipurpose water control proj- 
ect has been rather widely accepted 
and will probably continue to be the 
appropriate means of developing 
water resources where this type of 
project is needed and is economically 
justified. The number of such proj- 
ects now in operation should afford 
opportunity for careful examination 
of the engineering soundness of such 
projects based on facts rather than on 
speculation. 

The proposition of whether the 
Federal Government should continue 
to dominate such projects will un- 
doubtedly undergo some changes as 
time goes on. The number of those 
now authorized for federal construc- 
tion is almost twice as many as have 
been completed in the last twenty 
years and more than the total of those 
now in service and under construc- 
tion. Hence, it is probably safe to 
predict that present trends will per- 
sist for some time to come. 


(This article is based on the paper pre- 
sented by Mr. Bowman before a Power Divi- 
sion session presided over by Byron O. 
McCoy, chairman of the Division's Executive 
Committee, at the Centennial Convention in 
Chicago. ) 
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CARL H. GIROUX, Speciai Assistant, Office of the Chief of Engineers, Department of the Army, Washington, D.C. 


Modern hydraulic dredging— 


a product of experience 


Moving dirt from one place to 
another is one of the oldest tasks of 
the human race and the means of ac 
complishment have taken various 
forms. The one to be considered here 
is the hydraulic method. Probably 
the first reference to such a method is 
found in Greek mythology where it is 
stated that the Augean Stables were 
cleaned by diversion of the Alpheus 
and Peneus rivers. The equipment 
used for this Herculean feat is not 
disclosed but it is safe to say that had 
a modern dredge been available the 
project could have been completed 
even more expeditiously than the 
story relates. 

However, it is not the intent of this 
article to deal with mythology or 
ancient history, but to give the reader 
a glimpse of early efforts in under 
water dredging as it is now known, 
and then to show what has been ac 
complished in developing modern 
tools for this purpose. The article will 
be further confined to accomplish 
ments in the United States, as the 
equipment developed abroad, while 
differing somewhat in detail, does not 
exceed in performance that produced 
in our own country. 

The early history of hydraulic 
dredging in the United States largely 
revolves around the activities of the 
Corps of Engineers, which since 1824 
has been concerned with the improve 
ment of rivers and harbors for navi- 
gation. This work involved three 
major classifications of conditions 
each presenting its own problems, 
with a decided effect on the types of 
equipment that can be used 


Seagoing Hopper Dredges 

The first classification to be dis 
cussed is the initial dredging and 
maintenance of deep-water channels 
in harbors abutting on the open sea. 
Here continuous operation without 
serious interference with traffic and in 
spite of adverse weather conditions is 
the problem. Obviously any piece 
of equipment which is anchored in the 
channel is a menace to navigation, 
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and in case of high seas is difficult to 
operate. Then there is the problem 
of disposing of the dredged material. 
Pumping ashore requires further ob- 
struction of the navigable waters, and 
the use of barges and tugs adds to the 
confusion. 

As early as 1855 the idea of using 
a self-propelled and_ self-contained 
dredge was born. After a number of 
experimental vessels had been tried, 
with varying degrees of success, the 
Corps of Engineers in 1891 built the 
Charleston, the first specially de- 
signed sea-going hopper dredge. Al- 
though it had a capacity of only about 
300 cu yd, it incorporated most of the 
essential elements in use today. It 
was self-propelled, could dredge while 
under way, and had integral hoppers 
with bottom-dump doors. The de- 
tails of design and the record of per- 
formance of this dredge are of little 
importance at this time, but it is sig- 
nificant that the same type of dredge 
is still in use. 

At the time the Charleston was 
built, and for many years thereafter, 
efficiency was a secondary considera- 
tion, the main problem being to find 
a device that could physically remove 
and dispose of the material. The 
low cost of construction, cheap labor, 
proximity of disposal areas, all tended 
to minimize the importance of output 
and cost of operation. At that time, 
the low-pressure reciprocating steam 
engine was the only prime mover 
available and was used for propelling 
the vessel, driving the pumps and 
winches, and for all auxiliary pur- 
poses. Coal was the fuel. 

As time went on there were changes 
not only in the type of equipment 
available, but also in the conditions 
of operation. The first significant 
change in motive power was the in- 
troduction of the diesel engine, which 
for moderate power showed a marked 
improvement in weight, space, and 
fuel economy. A contemporaneous 
development was the growing use of 
electrical equipment in marine serv- 
ice. Consequently, in 1922, the 
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Corps of Engineers decided to use 
diesel-electric drive on four 1,250-cu 
yd dredges which had been originally 
designed for steam-reciprocating ma- 
chinery. The performance of these 
dredges has been outstanding; two of 
them are still in service and the others 
would be if it were not for the change 
in dredging conditions. 


Importance of Efficiency Recognized 


As deeper and more extensive 
channels within our major harbors 
were required, and the distances to 
disposal areas increased, the effective- 
ness of the small, slow and somewha‘ 
inefficient dredges decreased. It be- 
came apparent that if the work was 
to be done quickly and at a reasonable 
cost, new equipment must be pro- 
vided. During the steam-engine era 
a number of dredges were built having 
hopper capacities of approximately 
3,000 cu yd and one as high as 4,000 
cu yd, but the running speed was low 
and fuel consumption high. 

As these vessels neared the.end of 
their economic life, the Corps ini- 
tiated a program for replacement, 
utilizing the experience gained from 
the operation of the older dredges 
and taking advantage of the latest 
improvements in motive power. This 
program culminated in the design and 
construction of the Essayons, which 
reflects the latest thinking in large 
seagoing hopper dredges. Of course, 
there still remains a field for small 
dredges of this type, with light draft 
for use in minor harbors. Those 
constructed in recent years and those 
contemplated for the future have or 
will have many of the basic features 
of the Essayons. 

The Essayons has an overall length 
of 525 ft, a beam of 72 ft, a light draft 
of 20 ft, a fully loaded draft of 29 ft, 
and a hopper capacity of 8,000 cu yd. 
It has a speed of 17 miles per hour 
light, and 16 miles per hour fully 
loaded. The propulsion power is 
4,000 hp on each of the two screws, 
and the dredging power is 1,850 hp on 
each of the two pumps. A full de- 
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‘ription of this dredge can be found 
. ther literature but a few of the 
teatures ‘vhich were adopted after 
many years of experience should be 
mentioned. 

Maneuverability is paramount in a 
seagoing hopper dredge even when run- 
ning at slow speed during dredging, 
und therefore twin screws are essential. 
It is also necessary to run each screw 
incependently throughout its com- 
plete range of speed from full ahead 
to full astern in order to keep the 
vessel on its course and to turn it 
sharply. For this purpose, the elec- 
tric drive controlled from the pilot 
house has proved to be the best solu- 
tion and is used on the Essayons 

Some of the first dredges of this 
type were equipped with a single drag 
arm suspended from the stern, and 
others had a similar drag arm located 
about amidships in a well on the fore 
and aft center line. These designs 
had the disadvantages of not being 
able to dredge close to a bank and of 
using valuable space within the ship’s 
structure. The scheme of using two 
Urag arms, one pivoted from each out- 
board side of the dredge, has been 
found to be the best arrangement for 
the majority of conditions. It does 
introduce, however, appendages 
which are vulnerable when docking 
and in case of collision and which offer 
considerable resistance when the ship 
is running at full speed in a loaded 
condition. To overcome these dis- 
advantages, on the Essayons the arms 
are pivoted from sliding trunnion 
plates and can be raised clear of the 
side of the vessel when the dredging 
equipment is not in operation. 


Solids Retention, a Difficult Problem 


One of the most difficult problems 
to solve in connection with this type 
of hydraulic dredging, is the retention 
of solids in the hoppers, particularly 
when the material is light and slow to 
settle. Many experiments and dif- 
ferent arrangements of hoppers, dis- 
charge pipes, overflows, and baffles 
have been tried. No one scheme has 
been found ideal for different sizes 
of hoppers and for the various kinds 
of material which a dredge is required 
to handle. The idea is to dissipate 
the energy in the discharge from the 
pump as quickly as possible, to elim 
inate turbulence, and to provide as 


Seagoing hopper dredge Essayons reflects 
latest thinking in design of this class of 
dredge. Although this particular dredge is 
large—-525 ft long with 29-ft draft fully 
loaded—there is a field for small dredges of 
this type to operate in minor harbors. 
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long a path as feasible to the overflow 
weirs so that the material will have an 
opportunity to settle out of the mix- 
ture, fill the hoppers, and permit 
water only to pass overboard. The 
arrangement adopted for the Essay- 
ons and other dredges built in the last 
few years gives good results but there 
is still room for improvement. 

Allied to this problem of retaining 
material in the hoppers is that of 
continuously dredging a mixture of 
high solid content and keeping the 
surplus water to a minimum. This 
is not so serious when dredging sand, 
which settles readily, but where silt 
or soft mud is encountered there is 
great difficulty in preventing the 
suction from choking if the drag is 
too deeply submerged. When this 
occurs it is necessary to raise the drag 
and pump water only until the choke 
is cleared, an operation which tends 
to wash overboard some of the mate- 
rial already in the hoppers. For this 
reason, modern drags have been 
equipped with auxiliary openings on 
the upper side which can be adjusted 
for the specific conditions so as to 
give the greatest practicable percent- 
age of solids without choking the 
pump. This arrangement works 
fairly well but does not completely 
overcome the difficulty. 

A few years ago a young engineer, 
Richard Hoffman, employed by the 
New York District of the Corps of 
Engineers, became interested in this 
problem and observed carefully the 
conditions under which the choking 
action took place. He found that it 
was not always a case of deep sub- 
mersion of the drag or of too dense a 
mixture. He finally concluded that, 
in this particular locality, the en- 
trained gas had some effect. Such 
gas was liberated under the vacuum 
created by the dredging pump and 





the pump would become air or gas 
bound. 

Acting on this theory, gas ejectors 
were installed on the suction side of 
one of the dredging pumps whereby 
any accumulation of gas was im- 
mediately removed. The _ results 
were at once apparent and it was 
found that a much more concentrated 
mixture could be maintained than 
formerly. As a consequence, all the 
present hopper dredges of the Corps 
of Engineers which are called upon to 
handle mud with entrained gases are 
equipped with gas ejectors or pumps, 
and the output under these conditions 
has been remarkably improved. Such 
a system is also applicable to any other 
suction dredge where gas is present in 
the material to be dredged. 

A word should be said here about 
a very important adjunct of the sea- 
going hopper dredge—the suction 
drag. All sorts of devices have been 
tried with the view of increasing the 
percentage of material entering the 
suction pipe. These have included 
drags of various sizes, shapes and 
weights, plain and with teeth, ridges, 
disks, and other types of scarifiers. 
The most satisfactory drag for general 
conditions is a shoe type, articulated 
so as to be self-adjusting to the depth 
and contour of the bottom and having 
an abrasion-resisting grid on the 
under side. Special drags are used 
for dredging coral and for banks hav- 
ing steep side slopes and other un- 
usual characteristics. 

Many improvements have been 
made in dredging pumps since the 
first ones, designed primarily for 
water, were used. Particularly the 
shape of the vanes to prevent clog- 
ging, and the design and types of 
material used for various parts to 
resist abrasion, have been given a 
great deal of consideration. 
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Modern hydraulic dredging— 
a product of experience 


Moving dirt from one place to 
another is one of the oldest tasks of 
the human race and the means of ac 
complishment have taken various 
forms. The one to be considered here 
is the hydraulic method. Probably 
the first reference to such a method is 
found in Greek mythology where it is 
stated that the Augean Stables were 
cleaned by diversion of the Alpheus 
and Peneus rivers. The equipment 
used for this Herculean feat is not 
disclosed but it is safe to say that had 
a modern dredge been available the 
project could have been completed 
even more expeditiously than the 
story relates. 

However, it is not the intent of this 
article to deal with mythology or 
ancient history, but to give the reader 
a glimpse of early efforts in under 
water dredging as it is now known, 
and then to show what has been ac 
complished in developing modern 
tools for this purpose. The article will 
be further confined to accomplish 
ments in the United States, as the 
equipment developed abroad, while 
differing somewhat in detail, does not 
exceed in performance that produced 
in our own country. 

The early history of hydraulic 
dredging in the United States largely 
revolves around the activities of the 
Corps of Engineers, which since 1824 
has been concerned with the improve 
ment of rivers and harbors for navi- 
gation. This work involved three 
major classifications of conditions 
each presenting its own problems, 
with a decided effect on the types of 
equipment that can be used 


Seagoing Hopper Dredges 

The first classification to be dis- 
cussed is the initial dredging and 
maintenance of deep-water channels 
in harbors abutting on the open sea. 
Here continuous operation without 
serious interference with traffic and in 
spite of adverse weather conditions is 
the problem. Obviously any piece 
of equipment which is anchored in the 
channel is a menace to navigation, 
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and in case of high seas is difficult to 
operate. Then there is the problem 
of disposing of the dredged material. 
Pumping ashore requires further ob- 
struction of the navigable waters, and 
the use of barges and tugs adds to the 
confusion. 

As early as 1855 the idea of using 
a self-propelled and_ self-contained 
dredge was born. After a number of 
experimental vessels had been tried, 
with varying degrees of success, the 
Corps of Engineers in 1891 built the 
Charleston, the first specially de- 
signed sea-going hopper dredge. Al- 
though it had a capacity of only about 
300 cu yd, it incorporated most of the 
essential elements in use today. It 
was self-propelled, could dredge while 
under way, and had integral hoppers 
with bottom-dump doors. The de- 
tails of design and the record of per- 
formance of this dredge are of little 
importance at this time, but it is sig- 
nificant that the same type of dredge 
is still in use. 

At the time the Charleston was 
built, and for many years thereafter, 
efficiency was a secondary considera- 
tion, the main problem being to find 
a device that could physically remove 
and dispose of the material. The 
low cost of construction, cheap labor, 
proximity of disposal areas, all tended 
to minimize the importance of output 
and cost of operation. At that time, 
the low-pressure reciprocating steam 
engine was the only prime mover 
available and was used for propelling 
the vessel, driving the pumps and 
winches, and for all auxiliary pur- 
poses. Coal was the fuel. 

As time went on there were changes 
not only in the type of equipment 
available, but also in the conditions 
of operation. The first significant 
change in motive power was the in- 
troduction of the diesel engine, which 
for moderate power showed a marked 
improvement in weight, space, and 
fuel economy. A contemporaneous 
development was the growing use of 
electrical equipment in marine serv- 
ice. Consequently, in 1922, the 


September 1952 e 


Corps of Engineers decided to use 
diesel-electric drive on four 1,250-cu 
yd dredges which had been originally 
designed for steam-reciprocating ma- 
chinery. The performance of these 
dredges has been outstanding; two of 
them are still in service and the others 
would be if it were not for the change 
in dredging conditions. 

Importance of Efficiency Recognized 

As deeper and more extensive 
channels within our major harbors 
were required, and the distances to 
disposal areas increased, the effective- 
ness of the small, slow and somewhat 
inefficient dredges decreased. It be 
came apparent that if the work was 
to be done quickly and at a reasonable 
cost, new equipment must be pro- 
vided. During the steam-engine era 
a number of dredges were built having 
hopper capacities of approximately 
3,000 cu yd and one as high as 4,000 
cu yd, but the running speed was low 
and fuel consumption high. 

As these vessels neared the.end of 
their economic life, the Corps ini- 
tiated a program for replacement, 
utilizing the experience gained from 
the operation of the older dredges 
and taking advantage of the latest 
improvements in motive power. This 
program culminated in the design and 
construction of the Essayons, which 
reflects the latest thinking in large 
seagoing hopper dredges. Of course, 
there still remains a field for small 
dredges of this type, with light draft 
for use in minor harbors. Those 
constructed in recent years and those 
contemplated for the future have or 
will have many of the basic features 
of the Essayons. 

The Essayons has an overall length 
of 525 ft, a beam of 72 ft, a light draft 
of 20 ft, a fully loaded draft of 29 ft, 
and a hopper capacity of 8,000 cu yd. 
It has a speed of 17 miles per hour 
light, and 16 miles per hour fully 
loaded. The propulsion power is 
4,000 hp on each of the two screws, 
and the dredging power is 1,850 hp on 
each of the two pumps. A full de 
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scription of this dredge can be found 
of cther literature but a few of the 
features which were adopted after 
many years of experience should be 
mentioned. 

Maneuverability is paramount in a 
seagoing hopper dredge even when run- 
ning at slow speed during dredging, 
and therefore twin screws are essential. 
It is also necessary to run each screw 
independently throughout its com- 
plete range of speed from full ahead 
to full astern in order to keep the 
vessel on its course and to turn it 
sharply. For this purpose, the elec- 
tric drive controlled from the pilot 
house has proved to be the best solu- 
tion and is used on the Essayons 

Some of the first dredges of this 
type were equipped with a single drag 
arm suspended from the stern, and 
others had a similar drag arm located 
about amidships in a well on the fore 
and aft center line. These designs 
had the disadvantages of not being 
able to dredge close to a bank and of 
using valuable space within the ship’s 
structure. The scheme of using two 
drag arms, one pivoted from each out- 
board side of the dredge, has been 
found to be the best arrangement for 
the majority of conditions. It does 
introduce, however, appendages 
which are vulnerable when docking 
and in case of collision and which offer 
considerable resistance when the ship 
is running at full speed in a loaded 
condition. To overcome these dis- 
advantages, on the Essayons the arms 
are pivoted from sliding trunnion 
plates and can be raised clear of the 
side of the vessel when the dredging 
equipment is not in operation. 


Solids Retention, a Difficult Problem 


One of the most difficult problems 
to solve in connection with this type 
of hydraulic dredging, is the retention 
of solids in the hoppers, particularly 
when the material is light and slow to 
settle. Many experiments and dif- 
ferent arrangements of hoppers, dis 
charge pipes, overflows, and _ baffles 
have been tried. No one scheme has 
been found ideal for different sizes 
of hoppers and for the various kinds 
of material which a dredge is required 
to handle. The idea is to dissipate 
the energy in the discharge from the 
pump as quickly as possible, to elim- 
inate turbulence, and to provide as 


Seagoing hopper dredge Essayons reflects 
latest thinking in design of this class of 
dredge. Although this particular dredge is 
large—525 ft long with 29-ft draft fully 
loaded—there is a field for small dredges of 
this type to operate in minor harbors. 
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long a path as feasible to the overflow 
weirs so that the material will have an 
opportunity to settle out of the mix- 
ture, fill the hoppers, and permit 
water only to pass overboard. The 
arrangement adopted for the Essay- 
ons and other dredges built in the last 
few years gives good results but there 
is still room for improvement. 

Allied to this problem of retaining 
material in the hoppers is that of 
continuously dredging a mixture of 
high solid content and keeping the 
surplus water to a minimum. This 
is not so serious when dredging sand, 
which settles readily, but where silt 
or soft mud is encountered there is 
great difficulty in preventing the 
suction from choking if the drag is 
too deeply submerged. When this 
occurs it is necessary to raise the drag 
and pump water only until the choke 
is cleared, an operation which tends 
to wash overboard some of the mate- 
rial already in the hoppers. For this 
reason, modern drags have been 
equipped with auxiliary openings on 
the upper side which can be adjusted 
for the specific conditions so as to 
give the greatest practicable percent- 
age of solids without choking the 
pump. This arrangement works 
fairly well but does not completely 
overcome the difficulty. 

A few years ago a young engineer, 
Richard Hoffman, employed by the 
New York District of the Corps of 
Engineers, became interested in this 
problem and observed carefully the 
conditions under which the choking 
action took place. He found that it 
was not always a case of deep sub- 
mersion of the drag or of too dense a 
mixture. He finally concluded that, 
in this particular locality, the en- 
trained gas had some effect. Such 
gas was liberated under the vacuum 
created by the dredging pump and 





the pump would become air or gas 
bound. 

Acting on this theory, gas ejectors 
were installed on the suction side of 
one of the dredging pumps whereby 
any accumulation of gas was im- 
mediately removed. The _ results 
were at once apparent and it was 
found that a much more concentrated 
mixture could be maintained than 
formerly. As a consequence, all the 
present hopper dredges of the Corps 
of Engineers which are called upon to 
handle mud with entrained gases are 
equipped with gas ejectors or pumps, 
and the output under these conditions 
has been remarkably improved. Such 
a system is also applicable to any other 
suction dredge where gas is present in 
the material to be dredged. 

A word should be said here about 
a very important adjunct of the sea- 
going hopper dredge—the suction 
drag. All sorts of devices have been 
tried with the view of increasing the 
percentage of material entering the 
suction pipe. These have included 
drags of various sizes, shapes and 
weights, plain and with teeth, ridges, 
disks, and other types of scarifiers. 
The most satisfactory drag for general 
conditions is a shoe type, articulated 
so as to be self-adjusting to the depth 
and contour of the bottom and having 
an abrasion-resisting grid on the 
under side. Special drags are used 
for dredging coral and for banks hav- 
ing steep side slopes and other un- 
usual characteristics. 

Many improvements have been 
made in dredging pumps since the 
first ones, designed primarily for 
water, were used. Particularly the 
shape of the vanes to prevent clog- 
ging, and the design and types of 
material used for various parts to 
resist abrasion, have been given a 
great deal of consideration. 
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As the costs of construction, opera- 
tion, and maintenance of seagoing 
hopper dredges have risen, it has be- 
come imperative that more hours of 
operation per year be attained than 
formerly in order to keep the cost of 
removing the material to a reasonable 
figure. Therefore, provision is now 
being made to quarter and feed a 
crew for continuous operation and to 
provide recreational facilities, com- 
fortable accommodations, and con- 
veniences to maintain a high morale 
among the crew members. Also 
navigational aids such as radio-tele- 
phone, radar, radio direction finders, 
gyro compass, and fathometers have 
become standard equipment so as to 
permit continued operation during 
adverse weather conditions. 

The matter of safety has not been 
overlooked in designing modern sea- 
going dredges. Since these vessels 
must work in congested waterways, 
collisions are bound to occur, with 
danger of complete loss of the dredge 
and sometimes loss of life. To mini- 
mize these hazards, the safety re- 
quirements of the U.S. Coast Guard 
and the American Bureau of Shipping 
are observed, and the hulls are so 
designed that any two compartments 
may be flooded without sinking of the 
dredge, even when fully loaded. 

As an indication of the improve- 
ment in performance that has been 
gained by increasing the hopper capac 
ity and the speed of travel it should 
be mentioned that the Essayons has 
attained a monthly output of over 
500,000 cu yd when operating at a 
distance from the disposal area of 25 
miles, and an output as high as 1,500, 
000 cu yd per month with a haul of 
3 miles. In comparison, one of the 
older dredges, with a hopper capacity 
of 2,500 cu yd, had an output of less 
than 100,000 cu yd and 250,000 cu yd, 
respectively, under the same con- 
ditions. 


Dustpan Dredges on Inland Waterways 

The second classification of con- 
ditions suitable for hydraulic dredging 
is that pertaining to inland water 
ways, particularly the Mississippi 
and its tributaries. Here the prob- 
lem is to maintain a channel of 
sufficient depth and width to accom- 
modate packet and barge traffic. On 
these streams the integrity of the 
channel is continually jeopardized by 
deposits of silt and sand wherever 
slack water occurs. This is partic- 
ularly true during subsidence from a 
period of high water, when sand bars 
form very rapidly, many of them of 
considerable proportions. Much im- 
provement has been made in the 
original channel conditions by build- 
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ing contraction works to confine and 
speed up the flow, by cutoffs in the 
bends to increase the hydraulic gra- 
dient, and by bank revetment to keep 
the channels in proper alignment 
and reduce the amount of entrained 
material. In spite of these efforts, 
large quantities of sediment continue 
to be deposited and must be removed 
by hydraulic dredges. 

In streams of this character, where 
the quantity of dredged material 
is small compared to the amount 
carried by the river, it is not consid- 
ered necessary to remove material per- 
manently from the river bed, but 
merely to put it back into the water, 
where it will be carried away and 
dropped at some unobjectionable 
point. This method has given rise 
to the trial of many kinds of agitators 
which merely stir up the deposits with 
the hope that they will be carried 
away without further help. Although 
some of these experiments have met 
with a small measure of success, a 
type of hydraulic dredge developed 
particularly for this use has proved to 
be the most efficient. This is known 
as the dustpan dredge. 

As a result of earlier experiments 
with hydraulic dredging, the Missis- 
sippi River Commission in 1893 built 
the Alpha, which incorporated most 
of the features of the present dustpan 
dredge. A complete description and 
plan of this dredge appeared in the 
ASCE Transactions for 1898 (vol. 
10, p. 215). A few of the salient 
features are described below. 

The hull was of wood about 140 ft 
long with a draft of 4 ft. Two types 
of dredging machinery were installed, 
one at each end of the vessel. One 
had a suction pipe with water jet 
agitator, and the other had no agita- 
tor but was constructed in the 
form of a scraper. Subsequently the 
scraper was discarded and the suction 
with the jet agitator retained. This 
principle has been found to be simple 
and effective, and is used universally 
on dredges of this type today. 

Disposal of Dredged Material 

Another feature developed in early 
experiments which is still in use, is 
the means for disposing of the dredged 
material. It was found that dis- 
charge directly at the dredge did 
not suffice, but that if the mate- 
rial could be deposited only a short 
distance away, most of it would either 
be carried off or redeposited where it 
would do no harm to the channel. A 
short floating pipeline was devised 
for this purpose, with joints flanged 
and articulated at the dredge. Such 
a line, when water is pumped through 
it, tends to straighten out, but it must 





be controlled so as to discharge at the 
most advantageous point. To ac- 
complish this, an adjustable baffle 
plate is placed at the end of the dis- 
charge pipe. The water, impinging 
on this baffle, creates a reaction suf- 
ficient to move the pipeline even 
against the current, and thereby per- 
mits spotting of the discharge point 
quite accurately. When the pump is 
stopped, the pipeline floats with the 
current and lies parallel to the dredge 
out of the way of traffic, permitting 
easy movement of the dredge. 

The first dustpan dredges had to be 
towed to and from the site. Eventu- 
ally propelling machinery was added 
so that the dredges were independent 
of attendant plant. The propelling 
equipment consisted of stern or side 
paddle wheels where extremely shal- 
low draft was required, and tunnel 
screws where more draft was _ per- 
missible. 

In the earlier dredges the suction 
heads were of various forms, some be- 
ing equipped with mechanical devices 
for loosening the material. Such 
devices were discarded rather quickly, 
however, as it was found that high- 
pressure water jets did the job ef 
fectively and the equipment was 
less costly to manufacture and main 
tain. On adoption of the water-jet 
principle of agitation, the tendency 
was to flatten and widen the suction 
head so that it truly resembled a 
dustpan and gave rise to the name by 
which this type of dredge is now 
known. 

About 1930 the Mississippi fleet of 
dredges had nearly reached the end 
of its economic life, and increasing 
traffic on the lower Mississippi and on 
the Missouri necessitated the con- 
struction of more and larger dredges 
for the rapid removal of channel ob- 
structions. Experience gained over 
a long period of years clearly in- 
dicated that the dustpan type of 
hydraulic dredge was the most suit 
able. Between 1932 and 1934, nine 
dredges of this type were built with 
pumping power ranging from 1,000 
to 2,100 hp. All are self-propelled; 
one has a stern paddle wheel; four 
have side paddle wheels; and four 
have tunnel screws. Those with 
paddle wheels, designed to operate in 
the upper Mississippi and Missouri 
rivers, have a draft of less than 5 ft, 
while those with tunnel screws, de- 
signed for the lower Mississippi River, 
have a draft of over 6 ft. 

Representative of the largest and 
most modern of existing dustpan 
dredges is the Jadwin, which is 250 
ft long, has a beam of 52 ft, and a 
draft in working condition of about 
616 ft. The suction head is 32 ft 
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Dustpan dredges were developed for use on 
inland waterways, particularly Mississippi 
and its tributaries. Purpose is to maintain 
channels of sufficient depth to accommodate 
packet and barge traffic. Dredge type 
derives name from wide flat shape of suction 
head. Dredge shown is Jadwin. 


wide and has 34 nozzles for agitation, 
passing 11,000 gal of water per min- 
ute. The dredging pump has a run- 
ner SO in. in diameter, and a suction 
pipe and discharge pipe 34 and 32 in. 
in diameter respectively. It is driven 
through reduction gears by a 2,100-hp 
steam turbine. The vessel is pro- 
pelled by two triple-expansion steam 
engines, each rated about 1,000 hp, 
driving twin screw propellers. The 
free-running speed of the vessel is 
approximately 95 miles per hour. 

When dredging at a depth of 20 to 
30 ft below the water surface, and 
with about 800 ft of floating pipeline, 
this dredge will excavate at least 3,000 
cu yd per hour. With a 12-ft bank 
of sand ahead, its rate of advance is 
approximately 3 ft per minute. The 
velocity in the pipeline is about 20 
fps. This may be compared to the 
Alpha, which had a pumping power of 
about 300 hp and excavated less than 
500 cu yd per hour under similar con- 
ditions. 


Cutterhead Pipeline Dredges Developed 


The third set of conditions for 
which hydraulic dredges are suitable 
is the dredging of new channels, the 
deepening of old ones, and the placing 
of hydraulic fill for the construction 
of dams or the reclamation of land 
contiguous to waterways. For this 
work a type of plant known generally 
as the cutterhead pipeline dredge has 
been developed. 

Such a dredge consists essentially 
of a barge-type hull, a ladder hinged 
at the forward end carrying the 
suction pipe and revolving cutter, a 
centrifugal pump discharging to a 
floating pipeline, two spuds for swing- 
ing and advancing the dredge, and 


Cutterhead pipeline dredge is designed to 
serve triple purpose of dredging new chan- 
nels, deepening old ones, and placing 
hydraulic fill, Mindi, shown at right, built 
by Ellicott Machine Corp., typifies modern, 
self-contained, high-powered dredges of 
this type. Dredge pump is driven by 5,000- 
hp steam turbine, and cutter motor is rated 
at 600 hp. Mindi is capable of dredging 
to depth of 72 ft and has dredged up 83,500 
cu yd in 21 hours. 
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necessary machinery. Such dredges 
are usually not self-propelled. 

The early use of cutterhead dredges 
seems to be centered around San 
Francisco Bay and vicinity, where in 
about 1875 the need for a machine 
to build levees and reclaim land, using 
material lying beneath the water 
surface, resulted in the invention and 
development of dredges having some 
of the characteristics of those in use 
at the present time. The history of 
this development is long and in- 
volved, and those who are sufficiently 
interested will find plenty of litera- 
ture on the subject, but for the pur- 
pose of this article it is sufficient to 
say that progress in improving the 
performance of such dredges has 
been continuous and has kept pace 
with modern trends in motive power 
and machinery. Here, as with hop- 
per dredges, we passed through the 
reciprocating steam-engine era to that 
of the diesel engine, the steam turbine, 
and the widespread use of electrical 
apparatus. Omitting all this, some 
of the characteristics and accomplish- 
ments of modern cutterhead pipeline 
hydraulic dredges will be described. 

The dredge Mindi, built by the 
Ellicott Machine Corp. for the Pan- 
ama Canal, is representative of modern 
self-contained high-powered dredges 
of this type. Oil-fired boilers operat- 
ing at 400 psi are used to furnish 
steam for the main machinery. The 
dredge which has a 32-in. 


pump, 
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suction and 28-in. discharge, is driven 
through reduction gears by a steam 
turbine rated at 5,000 hp but capable 
of producing 5,500 hp under favor- 


able conditions. A separate turbine- 
driven generating set furnishes power 
for the cutter motor, the hauling and 
hoisting winch motor, and other auxil- 
iaries—all using direct current. The 
cutter motor is rated at 600 hp, is 
waterproof, forced ventilated, and 
drives the cutter through a self-con- 
tained speed reducer, all mounted 
directly on the ladder. The motor 
for the hauling and hoisting winch is 
rated at 200 hp and is also forced venti- 
lated. The speed of both these 
motors is adjustable over a wide 
range by variable voltage control. 

The Mindi is capable of dredging 
to a depth of 72 ft, and for this pur- 
pose has a ladder and spuds which are 
approximately 100 ft long. The out- 
put of such a dredge is of course de- 
pendent on many conditions such 
as the nature of the material, the 
length of the pipeline, the dredging 
depth, and operational interruptions. 
The Mindi has dredged as much as 
1,500,000 cu yd in 22 days, and its 
peak output was 83,500 cu yd in 21 
hours. This was in sand, silt, and 
clay with 8,000 ft of pipeline. 

Where a specific project is of suf- 
ficient magnitude to warrant the con- 
struction of a special dredge and 
where electric power can be obtained 
readily at a low rate, it is sometimes 
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advantageous to omit the prime 
mover and use commercial power 
throughout. In such cases alternat- 
ing current at a fairly high voltage 
is usually carried aboard by means of 
insulated portable cable. The dredge 
pump is commonly direct-connected 
to a variable-speed, wound-rotor, in 
duction motor designed for the volt- 
age of the supply. Power for the 
cutter motor and other auxiliaries 
may be merely transformed to a 
lower voltage or may be converted to 
direct current by motor-generator 
sets in order to obtain more economi- 
cal or wider speed variation, as con 
ditions may demand. 


Mammoth Job at Fort Peck Dam 


An outstanding example of the use 
of electric dredges was the construc 
tion of the Fort Peck Dam on the 
Missouri River under the direction 
of the Corps of Engineers during the 


years 1934 to 1939, inclusive. For 
this purpose, four dredging units 
were constructed on the site, each 


consisting of one cutterhead hydrau 
lic dredge, one floating booster unit, 
and one booster unit mounted on 
railway trucks, all driven by electric 
power derived from the system of 
the Montana Power Co., nearly 300 
miles away. Each dredge and each 
floating booster were equipped with 
two 28-in. pumps driven by 2,500-hp, 
257-rpm, 6,600-volt induction motors. 
Each railway unit had one such 
pump. The cutter motors were rated 
at 700 hp, 720 rpm, 6,600 volts. 

Both the dredge pump motors and 
the cutter motors were of the wound 
rotor induction type, and the speed 
was controlled by liquid slip regula 
tors connected in the secondary 
windings. Other auxiliaries were 
driven by alternating-current motors 
of lower voltage. Power was brought 
to the floating units by flexible, rub 
ber-insulated, rubber-jacketed cable 
supported on floating pontoons and 

-connected at the shore end to over 


head distribution lines which were 
moved from time to time to keep 
within reasonable distance of the 
dredges. 


As the work progressed, the booster 
units were shifted as required to 
maintain optimum velocities and 
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pressures in the pipelines. The peak 
was reached in August of 1939, when 
the dredge Jefferson by means of its 
own two pumps and eight additional 
ones, pumped through 36,420 ft of 
pipeline with a static lift of 110 ft. 
Under this condition a velocity of 
approximately 21 fps was maintained, 
transporting 16 percent solids with 
an output averaging 2,000 cu yd per 
pumping hour. The energy con- 
sumed during this period was 8 kwhr 
per cu yd as compared with an aver- 
age of about 4 kwhr for the entire job. 

The period during which the Fort 
Peck dredges were in operation af- 
forded an excellent opportunity to 
study the effect of varying pipeline 
velocities, cutter speeds, and other 
operational factors, and much valu- 
able information was obtained. The 
nature of the material (sharp sand 
and gravel) caused rapid erosion of 
the pump impellers and casings, the 
pipelines, cutters, and other exposed 
parts. 

Innumerable experiments were 
made using various abrasion-resisting 
materials and renewable pump liners, 
and varying the shape of affected 
parts. These experiments resulted 
in greatly reducing the cost of main- 
tenance and lost time consumed in 
changing equipment. 

At present an electric cutterhead 
pipeline dredge is being constructed 
for the Beauharnois Light, Heat and 
Power Co., an agency of the Quebec 
Hydro-Electric Commission, which 
far exceeds in power and capacity any 
similar plant built to date. This 
dredge is to be used to deepen and 
widen the forebay channel leading to 
the Beauharnois Power House, 
through cemented boulder clay which 
is extremely hard to remove. The 
dredge will receive power from shore 
through a flexible cable at 13,000 
volts, alternating current. 

The pump will be driven by an 
8,000-hp, 275-rpm, wound-rotor, 
induction motor with an adjustable 
speed of 200 rpm minimum. Power 
for the cutter and hauling and hoist- 
ing machinery will be converted from 
alternating to direct current so as to 
utilize variable voltage control 
through a wide speed range. The 
cutter motor will be 1,000 hp and will 



















be mounted directly on the ladder. 
The pump has a discharge diameter 
of 36 in. and is designed to pass 
boulders up to 28 in. in diameter. 
The dredge was designed by Ellicott 
Machine .Corp. of Baltimore, Md., 
which is also furnishing the main 
items of dredging machinery, and is 
being built by Marine Industries at 
Sorell, P. Q., Canada. 

It must not be inferred that all the 
recent advancement in cutterhead 
dredges has been in the matter of in- 
creasing their size and capacity. 
Just as much development has been 
accomplished on medium and small- 
capacity plant ranging in discharge 
size from 6 to 20 in., making it more 
efficient, lower in cost, and adaptable 
to a variety of work which would not 
justify the use of a large dredge. 
Diesel engines are almost universally 
used for such applications. In most 
cases the dredge’ pump is directly 
connected to a diesel engine of 
proper speed and power, although in 
some instances electric drive is em 
ployed to obtain the additional 
flexibility and reliability of multiple 
engine drive. Electric auxiliaries, 
either alternating currect, direct cur- 
rent, or a combination of both, are 
almost universally employed. The 
wide range in speed and economy of 
variable voltage control usually dic- 
tates direct current for the cutter and 
hauling machinery. 

Recently an 8-in. dredge of simple 
design, with diesel-driven machinery, 
which can be dismantled and trans- 
ported by railway or trailer truck, has 
been put on the market. 

In 1946, when the means of ex- 
cavating a sea-level canal across 
Panama was being studied, the use of 
cutterhead hydraulic dredges was 
considered for part of the work. The 
problem here was not only to remove 
an extremely large volume of material 
but to dredge to a depth of 135 ft 
below the water surface, which is 
far deeper than any similar project 
to date. While the dredges were 
never built, the design was carried to 
a point which indicated their feasi- 
bility. Aside from the unprecedented 
size and power of the dredging machin- 
ery, the most novel feature of this 
proposed design was a booster pump 


Outstanding example of use of electric 
cutterhead pipeline dredges was on con- 
struction of Fort Peck Dam, world’s largest 
earth dam, containing 125 million cu yd of 
material, most of which was dredged from 
river bed and pumped into place. In air 
view, dredges are shown in borrow area, 
from which material was pumped to dam, 
out of sight at left. 
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gart way down the ladder to aid the 
gain pump in overcoming the suction 
sses. Such losses would be so 
at, because of the long suction 
jne, that otherwise there would be 
jttle head available for lifting the 
material. 
Dredging Problems and Solutions 

Progress in any field is dependent 
won the continued improvement of 
the individual components and this 
jas been true in the field of hydraulic 
dredging. In many of the early 
dredges, the failure of one part to do 
its duty often brought the whole 
eration to a_ standstill. Recti- 
jeation of the trouble would often 
transfer the strain to the next weakest 
ink. The history of the develop- 
ment of the hydraulic dredge to its 
present state of high perfection is a 
recital of the struggle to overcome 
asuccession of difficulties which arose 
to plague those who were trying to 
make a living or to get a job done by 
sch means. Some of the difficulties 
have been briefly mentioned but there 
we a few that deserve further discus- 
son. 

The spud, for instance, is a very 
necessary adjunct to a modern cut- 
trhead dredge. At first, dredges 
were merely moored with lines and 
moved forward with winches as is 
till done with the dustpan type. 
Then some ingenious soul discovered 
the principle of the walking spud, 
hich is one of the basic elements of 
the present cutterhead dredge. Un- 
il the last twenty years or so, the 
guds were of wood, but as the size, 
weight, and power of the dredges in- 
meased, spud casualties became 
avy. Then riveted steel spuds 
vere substituted, but when installed 
a the wells provided for the wooden 
mes they were difficult to remove 
when they were bent, as sometimes 
luppened. This led to the gated 
vell at the extreme stern, which is 
wesent practice. Next came the 
ast steel spud, which offered much 
more rigidity and permitted an in- 
fease in length for deep dredging. 
With the perfection of electric weld- 
ng, spuds fabricated from steel plate 
fame into vogue, offering sufficient 
trength combined with lighter weight 
and lower cost. 

The cutter is another part which 
las been the source of many trials 
md tribulations since the invention 
af hydraulic dredges. No matter 
low perfect the operation of all 
ither components, the cutter or agita- 
‘or must be able to get the material to 
the suction or the results are negative. 
The development of this device has 
mn the gamut of jets, plows, knives, 





teeth, blades, and various other con- 
traptions. After many years of ex- 
perimentation, the spiral cutter with 
inward delivery, with the suction pipe 
within the periphery, has emerged 
as the most successful solution. 
The form is varied, using blades of 
different sizes and shapes or equipped 
with teeth, depending on the material 
to be encountered. Full advantage 
has been taken of modern methods 
of fabrication, and of new discoveries 
in metallurgy to decrease the cost 
and increase the life of this very vital 
part. 

Some seemingly simple elements 
such as pipe connections have given 
dredge operators much concern and 
have been responsible for many de- 
lays. For connections between the 
suction pipe and the dredge, between 
the discharge pipe and the floating 
line, and between sections of the lat- 
ter, a degree of flexibility combined 
with strength to resist pressure and 
failure from bending is required. 
From the first, rubber sleeves have 
been employed for this purpose and 
have served well. Fortunately in the 
earlier days, pipe sizes were small and 
pressures low, so that the available 
materials sufficed after a fashion. 

As the pipe size’ increased and the 
pressures rose, the duty became much 
more severe so that the procurement 
of a sleeve that would have a reason- 
able life became a real problem. 
However, the automobile-tire in- 
dustry was faced with the same prob- 
lem on a much larger scale, and the 
art of making better rubber com- 
pounds and better reinforcing did 
much for dredging sleeves. Such 
sleeves, brought to a high degree of 
perfection, are used in large quanti- 
ties on modern dredges and pipelines 
today. The rubber sleeve however 
is not the final answer for the larger 
sizes of pipe and high pressures. For 
such work the steel ball joint and 
swivel joint have been developed, 
and while much more costly to manu- 
facture, are in most cases fully justi- 
fied because of their longer life and 
freedom from failure. 

It is obvious that the pump which 
is used to pick up and dispose of the 
excavated material is one of the most 
important elements of a hydraulic 
dredge of any type and warrants very 
careful consideration so that it can 
meet the varied and severe conditions 
imposed upon it. The first dredges 
utilized the only types of pump avail- 
able—the screw pump or the centrif- 
ugal pump designed for handling 
water. The centrifugal variety soon 
demonstrated its superiority and is 
the basis on which the modern dredge 
pump has been developed. 
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One of the weaknesses of the ordi- 
nary centrifugal pump is its tendency 
to clog when handling entrained 
material of appreciable size. This 
characteristic was considerably im- 
proved rather early in its develop- 
ment by increasing the size and im- 
proving the shape of the water pas- 
sages to conform to those of the so- 
called trash pumps developed for 
drainage work. From that point on 
however, the gradual perfection of the 
dredge pump has been an art of its 
own, developed to meet the unparal- 
leled conditions imposed. 

Wear has been one of the major 
problems with dredge pumps be- 
cause the inherent nature of the sub- 
stances handled causes rapid erosion 
of parts. The first major improve- 
ment was the use of removable liners 
for areas most affected. While this 
did not reduce the wear, it permitted 
replacement of parts, rather than of 
the entire pump. Gradually liners 
came to be made of materials that 
were much more resistant to wear, so 
that their useful life has been in- 
creased as much as 400 percent. The 
use of rubber-faced liners has become 
prevalent where the nature of the 
dredged material is such that it will 
not cause physical damage to them 
due to impact. The art of vulcaniz- 
ing rubber directly to steel, so as to 
avoid exposed fastenings, has made 
such liners much more successful. 

While the large clearances required 
on dredge pumps make high efficiency 
impossible, there has been appreciable 
improvement in this respect due to 
more scientific and careful design. 
There are several other features 
which make the modern dredge pump 
much superior to those of a few years 
ago, and it may be safely stated that 
this element has kept pace with the 
general improvement in the art of 
hydraulic dredging. 

This article can of course present 
only a partial picture of what has 
taken place during nearly a century of 
development of hydraulic dredges in 
the United States, but it is hoped 
that it will give to those who have not 
been intimately connected with this 
fascinating industry some conception 
of the problems encountered and the 
accomplishments achieved by those 
who have devoted their time and 
energy to a work which has proved so 
beneficial to our waterborne com- 
merce. 


(The paper on which this article is based 
was presented under the title, “‘The Develop- 
ment of Hydraulic Dredges,”” by Mr. Giroux 
at a Waterways Division session presided 
over by W. O. Hiltabidle, a member of the 
Division's Executive Committee, at the Cen- 
tennial Convention in Chicago.) 


(Vol. p. 745) 161 





In February 1952, the Yuba Con 
solidated Gold Fields Dredge No. 18, 
rebuilt with two side stackers and a 


third short stern stacker, started 
work in the Yuba River near Ham 
monton, Calif., to replace with one 
channel the two existing channels 
built by Y.C.G.F. dredges during the 
company’s placer gold dredging opera 
tions 30 years ago. Two other doubk 
stacker dredges were used then in 
furthering the flood-control program 
of the Corps of Engineers. 

An early California traveler 
writer, J. Wesley Jones, reported a 
dredging machine, the ‘‘Phenix,’’ in 
the Yuba River--a “‘cumbrous”’ ar 
rangment designed to drag up sand 
from the bed of the river and obtain 
gold in large quantities. W. N 
Bartholomew made a sketch of this 
dredge which Mr. Jones used in illus 
trating his article, ‘Jones’ Pantoscope 
of California’ (California Historica 
Society Quarterly, Vol. VI, No. 3, 
Sept. 1937). This sketch is repro 
duced [on the opposite page | through 
the courtesy of the California Histori 
cal Society, San Francisco. For the 
same society, Earl Ramey wrote an 
article, “The Beginnings of Marys 
ville,’ (printed in its quarterly, 
Vol. XV, No. 1, March 1936) from 
which the following quotation is 
made: 


and 
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Here's how a big ladder dredge does its 
work. Above, Yuba Consolidated Gold 
Fields Dredge No. 20 shows its 18-cu ft 
teeth. Right, a bucket pin is being changed 
on a placer dredge. 


As early as September, 1850 a small 
river boat, the Phoenix, was fitted out as a 
dredge with which to bring up the placer 
gold on the river bottoms at points where 
the water was too high and constant to per- 
mit the usual methods of handling it. The 
first setback for the Phoenix was a snag, 
which sank her with her heavy apparatus 
Not until January was the boat taken far 
enough from Marysville (nine miles) in the 
Yuba to be tried. The principle apparently 
was that now in use on the same river. An 
endless chain of scoops brought the mud 
up toa rocker-washer .... 

By the last of April, the 
moved up the Yuba as faras Ousley’s Bar 

In June, shareholders were selling stocks 
Dredging was a failure for the 


Phoenix was 


at auction 
time. 
Successful Dredges Built 

rhe failure of the Phoenix discour 
aged others from attempting to 
dredge the Yuba until more than half 


a century had elapsed. Then suc 
cessful bucket-line dredging was 
undertaken at approximately the 


same points on the Yuba River where 
the early attempts were made. In 
1904 Y.C.G.F. dredges Nos. | and 2 
were built on the Yuba, and in 1905 
the Yuba Consolidated Gold Fields 
company was organized to take over 
the holdings. Since then, for a period 
of nearly half a century, this com 
pany has operated a total of twenty 
bucket-line dredges for placer gold 


September 


Bucket 











he first two dredges had 
6-cu ft buckets to dig 60 ft below the 


mining. 


water level. As experience was 
gained, the dredges were equipped 
with buckets of larger capacity and 
with digging ladders to reach depths 
of 80 ft below the water suriace 
Today, in that area now known as 
Hammonton, two 18-cu ft dredges 
dig at depths of 112 and 124 ft below 
water level and against banks, i/ 
necessary, 50 ft in height. Thus a 
total depth beiow ground level oi 
nearly 175 ft actually can be dug 
a depth equal to the height of : 
twelve-story building. 

Bucket ladder dredging was not 
new in the United States in the days 
of ’49. In 1805 Oliver Evans had 
invented and built an ‘Amphibious 
Digger’ for digging on land or water 
with a chain of hooks to break the 
ground and with buckets to elevate 
the material. History records that 
Mr. Evans’s dredge was used to re 
move mud from the bottom of the 
Delaware River at the foot of Chest 
nut Street in Philadelphia. The 
first bucket ladder dredge, according 
to historical records, was invented 
in 1632, and pictorial records show a 
dredge used in 1650. P.M. Dakker 
in his book, Dredging and Dredging 
Appliances, calls attention to this 
early dredge as the “forerunner ol 
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ladder dredges pay off 


¢< M. ROMANOWITZ, A.M. ASCE, and HERBERT A. SAWIN 


inpectively, Director of Sales and Sales Engineer, Yuba Manufacturing Co., San Francisco, Calif. 
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the bucket dredger. Che earliest 
dredges were used for excavating mud 
from channels in the low countries 
of Europe. 

The bucket ladder dredge is con 
sidered to be the first equipment 
successfully used for deepening har 
bors, but for such use and other ex 
cavating it was never developed to 
the same efficiency as the bucket 
ladder dredges used in placer min- 
ing. For harbor work it was devel 
oped to a certain point, but was more 
or less displaced by the hydraulic 
suction dredge. Whenever materials 
were to be conveyed a distance from 
the dredge, the best method of trans 
porting them, until recent years, was 
by water through a pipeline. The 
bucket ladder dredge excelled when 
the excavated material was to be 
dumped directly into barges along 
side of the dredge, or deposited in its 
immediate vicinity by belt conveyors. 
For this reason, when harbor work 
was necessary and a hydraulic dredge 
was available, it was often used in 
places where a bucket ladder dredge 
could have worked more efficiently. 


Advantages of Bucket Ladder Dredge 


In placer mining, the bucket ladder 
dredge was developed to its present 
high efficiency because, after many 
of the original rich placer gold de 
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posits were worked out, it was neces 
sary to work to greater depths and 
handle gravel of lower value to keep 
the industry alive. To meet these 
two extreme conditions, it was neces 
sary to lower operating costs, and in 
creased dredging efficiency was the 
only way to do so. 

The bucket ladder dredge has three 
chief advantages over the hydraulic 
dredge: 


|. The ladder dredge has equipment 
and power to excavate harder and more 
tightly bound materials. The weight of 
the digging ladder and buckets can be 
used to hold the bucket line in position 
while digging. 

? rhe gravel, rock, or other mate 
rials thus dredged are all ‘payload.’ 
Che energy applied delivers to the sur 
face concentrated material with little 
water, not just a partial load as is de 
livered in a water-conveying svstem. 

3. Since the belt-conveyor system has 
been developed to its present efficiency 
on various large construction projects, 
it is practicable to make use of belt con- 
vevors to transport materials to points 
far beyond the dredge. Previously such 
material was transported by using water 
through pipelines as the carrying medium 

At Panama, the canal was dug 
partly with several bucket ladder 
dredges, one, the Coroza/ using 54-cu 
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Photo by courtesy of California Historical Sociaty 


Above: First dredge, 1850, is shown in 
sketch by W. N. Bartholomew. Left: Mod- 
ern dredge of Yuba Consolidated Gold Fields 
can dig 124 ft below water level against bank 
50 fthigh. Line carries 135 buckets of 18-cu 
ft capacity. Dredge displaces about 4,000 
tons and has installed electrical load totaling 
2,175 hp. Dredge of this size, digging deep, 
can handle 10 to 12 thousand cu yd daily 
with three shifts or, digging at depth of 80 to 
100 ft, as much as 15,000 cu yd. 


Dredging on Yuba River, 
California, 1850-1950 


ft buckets. Since dredging of this 
type was done only to deepen water- 
ways, the greatest depth was only 
that needed for ships, a maximum of 
about 40 ft below water level. It was 
not until the placer gold operators 
adapted bucket ladder dredges of the 
California type to their use that a 
depth of 60 ft was reached. This was 
accomplished with Y.C.G.F. dredges 
Nos. | and 2, built by the Bucyrus 
Company in the Yuba River in 1904 
as previously noted. 

Experience with deep-digging 
dredges was gained rapidly by the 
gold-dredge operators, and their ex 
perience in California was made use of 
by dredge operators in the tin fields 
of Malaya and elsewhere. One Cali 
fornia firm, the Yuba Manufacturing 
Company and its predecessors, has 
built bucket ladder dredges for use 
throughout the world in most of the 
known placer mining areas. Ex 
perience gained in placer dredging 
has been adapted to other engineering 
fields. Yuba dredges have been de 
signed and proposed for excavating 
rock in the Panama Canal when and 
if a sea-level canal is built to replace 
the present system. Studies made 
recently, and reported comprehen- 
sively in the ASCE Procrepincs for 
April 1948, include the use of Yuba 
bucket ladder dredges with 54-cu ft 
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buckets capable of digging 145 ft be- 


low water level. The buckets for 
these dredges would be designed es- 
pecially to excavate blasted rock. 
The excavation of boulders and rock 
is not new to placer dredge operators; 
many such dredges have been used 


and boulders, sometimes larger than 
the buckets themselves. 


Amazing Channel Dredging Job 


One of the excavating jobs that at- 
tracted attention to the work which 
could be accomplished with a deep- 
digging bucket ladder dredge was 
undertaken by Yuba Consolidated 
Gold Fields near Hammonton about 
30 years ago. Two of its 1S-cu ft 
dredges were equipped with double 
stackers for levee construction and, 
while they carried on the gold dredg 
ing program, digging approximately 
SO ft below water level, they stacked 
the rock tailings in three parallel 
levees. These levees formed two new 
water courses, each about 500 ft wide 
and approximately five miles long. 
A third stacker was used on each 
dredge to restore the river bottom 
to its natural elevation. This work 
was undertaken under an agreement 
with the U. S. Corps of Engineers, 
and these two channels are credited 
with so controlling the water level 
in the Yuba River during flood 
periods for over a quarter of a cen- 
tury, that when the water was still 
rising in the channels 12 miles up- 
stream from Marysville, it had started 
to recede from its high mark on the 
Marysville levees. 

The new channel, mentioned ear- 

















Bucket ladder dredge 
equipped with double 
stackers constructed flood 
: control channel 500 ft wide 
ty on Yuba River about thirty 
years ago. Bucket size 
was 18 cu ft. 





lier, will be constructed on the north 
side of the river, against high ground. 
Two levees, approximately 600 ft 
apart, will be built to replace the ex- 
isting two channels built 30 years ago, 
and the bottom of the river will be 
maintained at its normal elevation by 
filling behind the dredge with a short 
stacker supplementing the work of the 
two long side stackers. The new work 
is designed to improve conditions on 
the river. The channel, in so far as 
dredging costs are concerned, will be 
built at no expense to the county or 
Federal Government, despite the fact 
that the gravel dug will not have a 
gold content up to the average of past 
operations for the reason that most 
of the ground has been dug at least 
once before. 

Other construction work accom- 
plished by a dredge built originally 
for dredging gold-bearing gravel, was 
that carried out by No. 137 built by 
the Yuba Manufacturing Company, 
at the site of Canyon Ferry Dam on 
the Missouri River in Montana. 
Built originally for the Perry & 
Schroeder Mining Company for min- 
ing gold, with sapphires and garnets 
as by-products, this dredge was in a 
favorable location when work was 
started by the contractors on the new 
dam for the Bureau of Reclamation. 
In the summer of 1949 the dredge 
started to dig out the construction 
area preparatory to unwatering the 
dam site. Much of the excavated 
gravel was used to build two coffer- 
dams, the dredge stacking gravel be- 
hind sheetpiling to divert the flow of 
water. This was a new use for a 
bucket ladder dredge. Later the 


At Canyon Ferry Dam site 
on Missouri River, Mon- 
tana, 6-cu ft bucket ladder 
dredge owned by Perry & 
Schroeder Mining Co., 
made itself generally use- 
ful. It is seen here con- 
structing cofferdam in 
Missouri River. 


dredge was used to strip the dam site 
while dumping gravel to a stock pile 
for disposal by truck, or for use later 
as aggregate. This dredge has 6-cy 
ft buckets capable of digging 48 ft be. 
low water level, and the stacker ele. 
vates the gravel to a point about 48 
ft above water. Operating three 
shifts, a dredge of this size can move 
about 6,000 cu yd of gravel daily 
Good Dredging Practice 

Good California practice for bucket 
ladder dredging is to dig with the 
maximum depth reached while the 
ladder is at 45 deg to the water level. 
Digging can be accomplished with the 
ladder more nearly vertical, if de. 
sired, but it is not recommended as a 
general practice. Digging is started 
at the top of the face and, as the 
bucket line moves upward with the 
excavated material, the dredge swings 
to the right or left about the spud, 
which is at the stern and imbedded 
in the pond bottom. 

Dredging can be accomplished by 
use of a head line, but this practice is 
not as satisfactory as when a spud can 
be used, since the spud takes the 
thrust of digging, distributing the 
load to fore and aft trusses. The side 
swinging is accomplished by port and 
starboard bow lines, usually carried 
from the underwater point of the dig- 
ging ladder to shore blocks, then back 
to the bow of the dredge and to the 
swing winch, usually mounted inside 
the deckhouse. As one drum of the 
winch takes up the bow line on one 
side, the other drum pays out a slack 
line to the other side. When the 
swing is completed, the operation is 
reversed. 

Modern bucket ladder dredges are 
built with the digging ladder motor 
mounted behind the upper tumbler, 
the sprocket-like device which moves 
the line of buckets. The bucket line, 
in placer dredging, usually moves at 
speeds of from 20 to 30 or more 
buckets per minute. The advantages 
in having the drive mounted behind 
the upper tumbler are that two drive 
motors can be used, one on each side 
of the drive, and that the motors can 
be connected by V-belts to the reduc- 
tion gears. This is the type of drive 
used on Y. C. G. F. dredges on the 
Yuba River. The total amount of 
gravel dug near Hammonton far ex- 
ceeds the volume of material handled 
in the digging of the Panama Canal. 

Our 1850 reporter, Mr. Jones, 
would be quite surprised if he could 
visit his Yuba River dredging site to- 
day. The owners of the “Phenix’ 
had the right idea, but lacked the me- 
chanical means of accomplishing the 
dredging they had in mind. 
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As a result of the unprecedented 
m@gineering and related scientific prog- 
ms during the past century, the 
agineer today has available a vast 
thoice of materials that permit a 
vemingly infinite variety of design 
ud appearance. Yet this diversity 
i materials, together with the ad- 
ances and developments in technical 
formation concerning them, has 
mposed on the engineer the serious 
woblem and challenge of keeping 
breast of developments and of current 
iterature. It has brought about 
he necessity of specializations—of 
mowing more and more about less 
md less—and developing means of 
ntegrating these specializations. In 
© field is this more true than with 
wood, which on the one hand has 
thared with other materials the signifi- 
ant progress that has widened their 
orizons of use, and on the other, be- 
ause of its orthotropic structure, has 
resented more complications from 
the standpoint of properties and de- 
ign details. 

Wood is among the oldest structural 
materials and has served men from 
ime immemorial. It is not difficult 
lo imagine that perhaps a fallen tree 





Assistant Director, Forest Products Laboratory 


served as the first bridge across a 
stream. Later, fashioned by the 
skill of early craftsmen, wood struc- 
tural elements found their way into 
monumental structures, many of 
which are still in existence. It is a 
far cry from the empiricism of yester- 
year to the efficient timber design of 
today. 


The Place of Wood 


In this industrial and mechanical 
age, with its guided missiles and push- 
button techniques, the question may 
well be asked, ‘“‘What is the place of 
wood, one of our earliest and still one 
of our most abundant raw materials? 
Can wood and wood products com- 
pete with other materials in a me- 
chanical age?”’ 

On every hand, and in thousands 
of uses, there is abundant evidence 
of the utility of wood itself, as well as 
of wood-base materials processed 
through mechanical and chemical 
conversion—railway ties, transmis- 
sion-line poles, piles, mine props, 
furniture, buildings, paper, rayon, 
photographic film, and smokeless 
powder, to mention but a few. 

More specifically, there are nearly 
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Timber trusses used by U.S. Navy for blimp hangars are striking example of metal-connector construction. 


Wood as an engineering material 


L. J. MARKWARDT, M. ASCE 


Maintained at Madison, Wis., by U.S. Forest Service in cooperation with University of Wisconsin 


2,000 miles of wood trestles and 
bridges on the first-class railroad 
lines of the United States. Thou- 


sands of large modern structures em- 
ploying relatively new _ techniques 
and developments in the form of wood 
trusses and glued laminated arches 
have been constructed. Of the more 
than one million homes a year built 
in the unprecedented postwar hous- 
ing program, more than 75 percent are 
of wood-frame construction. The 
consumption of wood-fiber products 
has been materially increasing. The 
commodities today being made in 
unprecedented volume are largely 
packaged for shipment in wood or 
fiber containers, and the chemical 
products of wood are finding new and 
unpredictable uses and applications 
almost daily 

In addition to normal requirements, 
a larger quantity and greater variety 
of wood products are required for 
modern war than ever before. In 
naval use, for example, wood and 
steel rank as the two principal struc- 
tural materials for building and main- 
taining the modern fleet. Approxi- 
mately 9 million tons of steel were 
required by the Navy in a single war 
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miformly distributed so that there is 
go moisture gradient. 

Likewise, related studies have 
sown the effect of knots with respect 
t size and position in structural 
members, and the effect of cross grain, 
sakes, and checks. These data 
grve as a basis for establishing limi 
tations on the natural characteristics 
that affect strength, for the purpose of 
gsigning definite working stresses to 
¢ructural timbers according to grade. 


Sructural Grading of Timber 


Individual pieces of lumber, as 
they come from the saw, represent 
awide range in quality and appear- 
mce with respect to freedom from 
knots, blemishes, defects, and other 
characteristics. Such random pieces, 
consequently, also represent a wide 
ange in strength, utility, service- 
ability, and value. An obvious re 
quirement for the orderly marketing 
af lumber, therefore, is the establish- 
ment of grades, the function of which 
isto provide utility classes that make 
it possible to segregate individual 
pieces generally similar in desired 
characteristics. 

Many grades for lumber are es- 
tablished on the basis of the appear- 
ace and physical characteristics of 
the piece, with certain uses in mind 
tut without particular regard for 
strength. Other grades, called struc- 
tural, are based on the classification 
d@ features relating to strength and 
strength uses. Marked improvement 
and unification in lumber grading re- 
alted from the establishment of 
American Lumber Standards, and from 
the adoption by manufacturers of 
structural grades that permit the as 
gnment of definite working stresses. 

Through the analysis and integra 
ton of available data, a compre 
tensive set of simple basic principles 
or grading structural timber has been 
stablished, and has been adopted by 
te American Society for Testing 
Materials under the title, “Tentative 
Methods for Establishing Structural 
wades of Timber,’ ASTM Designa 
ton 1245-49T. The basic prin- 
aples are applicable to all species of 
wood and permit the establishment 
f grades for different classes of lum- 
vr having any desired percentage 
if the strength of the clear wood. 
The important lumber-producing as- 
wciations now provide lumber that 
wnforms to the basic principles of 
tructural grading and to which defi- 
tite allowable working stresses can 
te assigned. This development is 
me of the most important from the 
tandpoint of permitting efficient and 
tonomical timber engineering de- 


‘ign. 


Working Stresses Established 


Safe working stresses are an essen- 
tial corollary of structural grading. 
While tables of working stresses 
abound in engineering literature, 
many of the early recommendations 
were based on fragmentary and in- 
adequate strength data, and on very 
incomplete information about factors 
affecting strength. As a result, the 
recommendations often varied widely 
among themselves, were usually over 
conservative, and generally were not 
associated with particular structural 
grade requirements. 

As technical research data became 
available on basic factors affecting 
strength and on properties of different 
species, a complete reanalysis of 
working stresses for structural timber 
was made. The principal factors 
entering into the establishment of the 
recommended working stresses for 
each species include the inherent 
strength of the wood, the reduction in 
strength from natural characteristics 
permitted in the grade, the effect of 
long-time loading, the variability of 
individual species, the possibility of 
some slight overloading, the charac- 
teristics of the species, the size of 
member and related influence of 
seasoning, and the factor of safety. 

The effect of these factors is to 
require a lower strength value for 
practical use conditions than the 
average value obtained from tests on 
small clear specimens. Their com- 
bined effect may be embodied in a 
single factor, sometimes erroneously 
called a ‘factor of safety,’’ which can 
be applied to averages from tests on 
small clear specimens to obtain safe 
working stresses. It is evident that 
the larger part of this factor is re- 
quired to correlate laboratory test 
results with actual conditions of use, 
and that only a small part can be con- 
sidered a true factor of safety. 

The revised working stresses for the 
commonly available commercial spe- 
cies of lumber provide a means of 
economical and efficient design, par 
ticularly when used with structur 
ally graded lumber. The working 
stresses have been widely accepted in 
general engineering design, and sig 
nificantly are being incorporated in 
current revisions of engineering hand- 
books. They are the basis for the 
design recommendations presented 
in the National Design Specifications 
published by the National Lumber 
Manufacturers Association. 


Duration of Stress 

Wood is among the materials that 
are affected by rate of loading or 
duration of stress (Fig. 2). Studies 
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have been under way to obtain more 
definite information on this factor as 
it affects design procedure. These 
studies have included rapid-loading 
tests, in which the maximum load 
may be reached in a few seconds or 
less, for use in aircraft design; and 
so-called dead-load tests, in which 
constant loads are applied for long 
periods of time or until failure occurs. 

Studies on the effect of rapid load 
ing have confirmed some less exten 
sive earlier results, which show for 
Sitka spruce, at 12 percent moisture 
content, a 17 percent increase in 
modulus of rupture in bending for 
3-sec loading over that for the 5- 
min loading in the standard static 
bending test. 

Data have also been developed 
that provide a basis for modification 
of working stresses for loads of short 
duration, such as wind stresses and 
other conditions that involve engi- 
neering judgment. For example, a 
curve has been devised to express the 
relation between load in bending and 
duration of stress for small clear 
specimens of Douglas fir at a con- 
stant moisture content of 12 percent. 
Load is expressed as a percentage of 
normal strength, as in Fig. 3, and the 
duration appears on a logarithmic 
scale. The solid part of the curve 
indicates the limits of the test data in 
this study. Prolongation of the line 
in the direction of higher load is veri 
fied by other tests, while extrapola- 
tion in the direction of the lower load 
is yet unproven. These results are 
applicable to conditions of uniform 
moisture content. 


Wood Resists Fatigue Well 


Another phase of research relates 
to the development of engineering 
data on fatigue. Fatigue tests of 
wood and glued wood constructions 
have indicated that failures due to 
repeated or reversed loads develop 
in much the same manner as they do 
for metals, except that, in fatigue of 
wood, the appearance of the failures 
produced by repeated loads is similar 
to that of failures produced by a 
single loading. 

The “S-N”’ (stress versus number of 
cycles to failure) curves obtained 
from tests of wood or wood-base 
materials are similar to those obtained 
for nonferrous metals; that is, the 
curves are concave downwards for 
high levels of stress and concave up- 
wards for the lower levels of stress, 
and the two curved sections are usu- 
ally connected by an approximately 
straight line. 

Comparisons of the results of tests 
on fatigue of wood with those on cer- 
tain other materials suggest that, 
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Design values for timber connectors are 
based on results of many laboratory tests. 
Since 1930, connectors have been used di- 
rectly on a billion board feet of lumber. 





when other things such as conditions 
of loading are equal, wood ranks rel 
atively high in fatigue resistance. 
For example, fatigue tests of wood in 
tension parallel to the grain indicate 
that the level of stress at which the 
specimen can be expected to sustain 
many million cycles of stress without 
failing is a greater percentage of the 
static strength than for some metals 
in tension. Data from these and 
similar studies, such as that shown in 
Fig. 4, are being published as they 
become available, and give reassur- 
ance regarding the ability of wood to 
withstand fatigue, and on the per 
formanceof glued construction as well 


Joints and Fastenings Important 


Because of the wide difference in 
the properties of wood along and 
across the grain, joints and fastenings 
are the Achilles’ heel of timber con- 
struction wherever they are em 
ployed. The older common forms 
of fasteners include nails, screws, 
bolts, lag screws, and drift pins. All 
of these forms have advantages and 
limitations 

One of the newer types of fasten- 
ings that have greatly widened the 
horizon of wood construction is the 
so-called metal connector. When 
this connector was introduced into the 
United States in 1930, its possibili 
were quickly recognized. 
Strength tests established the most 
promising forms, and furnished basic 
design data for use under optimum 
conditions. Simultaneously, commer- 
cial development of certain § im- 
proved types occurred. 

The use by the construction in 


ties 
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Timber roof trusses in building at Forest Products Labora- 
tory, Madison, Wis., have metal connectors and bolts at joints. 


dustry of timber connectors in trusses 
and other heavy timber construction, 
on the basis of the technical design 
data developed, permitted the erec- 
tion of large structures hitherto be- 
yond the range of timber design. In 
the decade after their introduction, 
more than 100,000 structures were 
built in which modern connectors 
were used, employing about 5 billion 
feet of lumber valued at $165,000,000. 
The amount of lumber in these struc- 
tures used directly with the connec- 
tors approximated | billion feet. 

Connectors are devices used in con- 
junction with bolts to increase the 
efficiency of joints in wood members. 
The split-ring type fits into precut 
grooves; the alligator type is pressed 
into the wood between the members 
to be jointed; other types fit into 
bored recesses. Whatever the type, 
they all serve to reinforce the joint 
by providing effective shear resist- 
ance between the members. Re- 
search has included evaluation of the 
strength of several of the types in a 
range of sizes, applied in various 
ways, when used with different spe- 
cies of wood. 


Glued Laminated Construction 


Developments in adhesives and in 
gluing techniques—a result of cooper- 
ation among chemical industries, 
wood industries, and research labora- 
tories—have made available adhe- 
sives to fit nearly any condition of 
service and have led to the establish- 
ment and expansion of the glued lam- 
inated construction industry. The 
products of this industry —structural 
members glued up from _ smaller 


pieces of wood, either straight or in 
curved form, with the grain of all 
laminations in the direction of the 
length of the member—have found 
wide acceptance because of their 
versatility and architectural possi- 
bilities. 

A considerable amount of research 
has led to the development of a back- 
ground of data for the establishment of 
design procedures. Tests on arches, 
beams, and columns have covered 
such factors as the effect of knots, 
stress concentrations around butt 
joints, effectiveness of end joints of 
various types, effect of bending lam- 
inations to a curved form prior to 
gluing, and the like. 

In addition to laboratory tests, ex- 
perimental installations to determine 
the practicability of large laminated 
timbers have been made on a number 
of railroads. The practicality of this 
type of construction for a variety of 
applications has been demonstrated 
over the past twenty years or so in 
this country and for more than twice 
that long in Europe by the good serv- 
ice of existing structures. [In an- 
other article in this issue, Alan D. 
Freas, A.M. ASCE, presents many 
advantages and applications of glued 
laminated timber construction. | 

The character, orientation, and ar- 
rangement of the fibers make wood an 
anisotropic material. For all practi 
cal purposes, however, it may be 
treated as orthotropic, with three 
principal axes of symmetry, the longi- 
tudinal, the radial, and the tangential. 
The assumption of three structural 
axes results in a variety and complex- 
ity of properties. These are: three 
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Young's moduli, varying 150 to 1; 
ihree shear moduli, varying 20 to 1; 
@ Poisson’s ratios, varying 40 to 1; 
gd nine strength properties, varying 
gith grain direction (three in tension, 
free in compression, and three in 
dear). These widely different prop- 
a@ties of wood along and across the 

in involve a complicated mathe- 
gatical treatment in special design 

blems. Through basic research, 

eral formulas have been estab- 
Shed for the solution of critical de- 
ggn problems for wood. 


Plywood Has Many Applications 


Plywood is another wood product 
that is dependent on adhesives, and 
provides a dimensionally stable prod- 
uct of unique properties in large 
sheet form. In plywood, the ortho- 
tropic structure of wood is further 
diversified by a reorientation of the 
material. It consists of a combina- 
tion of three or more sheets of veneer, 
with the grain of alternate plies usu 
ally at right angles. 

Because plywood can be made with 
any desired number of plies, from 
veneer of any desired thickness and 
from any desired species or combina 
tion of species, it has a versatility that 
affords almost unlimited choice in 
design for special purposes. Further 
diversification can be obtained by 
orienting the grain of adjacent plies 
not only at right angles but at various 
other angles. In this way a material 
can be constructed to meet special 
design needs for aircraft and other 
uses. Dimensional stability results 
from the cross-banded construction, 
and freedom from warping and cup- 
ping is obtained by using balanced 
construction, which invariably con 
sists of an odd number >f plies. 

In reorienting the direction of the 
grain of the veneer to make plywood, 
the strength of the wood in one direc- 
tion is improved at the expense of 
that in the other direction. The 
greater the number of plies for a given 
thickness, the more nearly equal are 
the strength properties in the two 
directions of the panel, and the 
greater is the resistance to splitting. 


"“Stressed-Skin" Construction 


Another significant research devel- 
opment with various possible fields 
of application is “‘stressed-skin’’ con- 
struction, which has served as the 
basis for panel design in prefabricated 
house construction. The principle of 
the stressed skin is founded on the 
engineering concept that all material 
in a structure should contribute di- 
rectly to its strength, as compared 
with conventional frame construction, 
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Wood centering is used in construction of long-span concrete arches. 


in which a frame carries the interior 
and exterior wall covering largely as 
‘parasite’ material. 

Stressed-skin construction is se 
cured by gluing sheets of a rigid 
material, such as plywood, to either 
or both sides of an inner structural 
framework to form what is virtually 
a box girder. The stressed-skin prin 
ciple of prefabricated construction 
thus gives opportunity to design more 
closely and with greater economy of 
material. 

As an example of the strength and 
stiffness that can be obtained with 
smaller than conventional sizes, a 
14-ft, stressed-skin floor panel about 
6 in. thick has a maximum strength 
as a beam of about 300 psf, with a 
deflection less then '/39 of the span 
at design load. A 3-in.-thick wall 
panel has a transverse strength equiv 
alent to 200 psf. 


Sandwich and Composite Construction 


There has been a growing interest 
in the possibilities, for many appli- 
cations, of lightweight composite or 
sandwich construction. While the 
concept of sandwich construction is 
new, it is the combination of the rel- 
atively recent significant advances 
in adhesives and fabricating tech- 
niques, the development and avail- 
ability of a variety of facing and core 
materials, and particularly the stim 
ulated need for more efficient light 
weight structures in aircraft, that has 
brought about the sandwich era. 

Special mention is made of sand- 
wich construction because of the ex- 
tensive use of wood and wood-base 
materials for facings and cores, and 


because the design criteria for ply 
wood provided a logical and effective 
springboard for the development of 
design criteria for sandwich construc 
tion. 

Present and potential uses for 
sandwich construction include ra- 
domes, airplane fuselages and wings, 
airplane flooring, doors, bulkheads, 
ailerons, and flaps; walls, ceilings, 
and partitions in railway cars; 
hatches, partitions, and bulkheads in 
boats; and doors, frames, wall panels, 
and floor panels in houses. 

Through the cooperation of the 
Navy Bureau of Aeronautics, the 
Air Force Air Materiel Command, 


Southern Railroad trestle bridge incorpo- 
rates glued laminated stringers, caps, and 
posts. Timber in this case was creosoted 
after laminating. 

































and the Civil Aeronautics Adminis- 
tration, extensive design data for 
sandwich construction particularly 
applicable to aircraft design have 
been developed at the Forest Prod 
ucts Laboratory, but the methods 
are generally applicable to all sand- 
wich design. The transportation in 
dustries have much to gain through 
lighter-weight constructions, and are 
exploring the possibilities that sand 
wich design offers. Thus, the already 
significant developments in sandwich 
construction in recent years presage 
ever-increasing applications to a wide 
variety of uses. Each type of use 
has its own requirements, its own 
range of possibilities, and its own 
problems to be solved. 

A composite construction, in which 
i creosoted timber base is overlaid 
with a lightly reinforced concrete 
mat intimately bonded to it in shear, 
has been extensively employed in 
bridge decks, piers, and other heavy 
duty flooring systems. Special shear 
keys or other types of shear develop 
ers are employed to secure adequate 
bond between the two materials 
A significant advantage of compos 
ite construction is its simplicity, 
in that joist-and-stringer systems 
are not required and the timber base 
serves in lieu of form material for 
supporting the concrete when poured 
A considerable number of projects 
employing a composite design of 
wood and concrete are currently 
under construction. 


Destructive Agencies Controlled 


rhere is of course no such thing as 
ibsolute permanence for any engi 
neering material under all conditions 
of service and use. Wood is no ex 
ception and requires the control of a 
group of destructive agencies largely 
peculiar to itself. The principal 
causes of the deterioration of wood, 
in their general order of importance, 
ire: decay, fire, insects and marine 
borers, mechanical wear and break 
age, weathering, and chemical de 
composition. Damage or total de 
struction may result from any one of 
these causes alone, but it is more com 
mon where two or more of them are 
it work at the same time. 

As a result of research and experi 
ence over a great many years, control 
ind remedial measures are available 
to guard wood against most, if not 
ull, of the destructive agencies to any 
desired extent. Economic consider 
itions enter the picture also, in 
establishing a balance between the 
cost of protective measures when this 
cost is substantial, as against the cost 
of replacement. In the problem of 
control, it is at once essential to know 
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the nature of each of the destructive 
agencies and the conditions under 
which it develops. 

Decay in wood is produced by 
organisms know as fungi, which live 
m the wood substance. Wood-de- 
stroying fungi require favorable con- 
ditions for their development with 
respect to moisture, temperature, 
and air; hence, if any one of these 
requirements is eliminated, the growth 
of fungi will be inhibited. Thus wood 
that is below a certain critical moisture 
content presents no decay hazard. 
Likewise, by maintaining wood at ex- 
tremely high or low temperatures the 
development of fungi is prevented, just 
is it is where wood is immersed in 
water. 

Under conditions favorable to de- 
cay, two effective methods of pre- 
vention may be employed: (1) select 
species of high natural resistance to 
decay, or (2) use a_ preservative 
treatment. A considerable variety 
of wood preservatives are available 
to meet different requirements. 

Much study has been given to 
means for protecting wood from fire 
and for retarding or preventing the 
effects of exposure to fire. Fire 
retardant coatings have been devel- 
oped that are effective on interior 
finishing or structural wood products. 
Impregnation treatments with suit 
able chemicals may also be employed 
to impart fire resistance to wood. 
It is generally recognized that large 
structural members of wood do not 
readily support combustion, and be 
cause of their low thermal conduc- 
tivity maintain loads over consider 
able periods of fire exposure. 


Wood Lasts indefinitely 


While wood, like other materials, 
is subject to attack by various de- 
structive agents, methods are in 
general available to prolong its life 
when destructive agents are to be 
encountered. So far as is known, the 
lignin and cellulose which constitute 
the wood substance are not subject to 
chemical changes with time when 
kept dry, although the color of wood 
may be slightly changed by long 
continued exposure to air. Conse- 
quently wood can be expected to last 
indefinitely when not subjected to 
deteriorating agencies. 

Literally hundreds of well-designed 
bridges made entirely or partly of 
wood have served satisfactorily and 
with but little attention for long 
periods. Many that are more than a 
century old are still in service. 
Others, while still in satisfactory con- 
dition, have been altered or replaced 
to meet demands for greater width 
of roadway and higher load capacity 


September 





than was called for when they were 
built. 

In Europe, many wood structura] 
units that are centuries old are stij 
in existence. Perhaps the most no. 
table are the trusses in the Basilica of 
St. Paul at Rome, part of which was 
constructed in 816, during the pontif- 
icate of Leo III. Certain such roof 
trusses are known to have given sery 
ice for more than a thousand years. 


Future Research Needed 

Significant as have been the achiev- 
ments relating to the more efficient 
engineering uses of wood, it should 
not be overlooked that there are stil] 
many challenging possibilities ahead. 
One important possibility is that of 
developing a system of preferred 
stresses so as to greatly reduce and 
simplify the number of design stresses 
to be used. Such a development 
would permit design at some selected 
stress level, with the assurance that 
suitable material to carry out the de- 
sign would be available from a choice 
of species, or at some future time 
Another important contribution to 
timber design would be the simpli 
fication of design procedures, which 
admittedly are now more complicated 
than for most other materials. 

Much more research is also needed 
on joints and fastenings, to include 
the integration and unification of data 
for the various types of fastening 
mediums. More detailed and basic 
information is needed for the design 
of structures subjected to sudden or 
shock loading, such as that due to 
earthquakes, in order to insure safety 
and permit more economical design. 
These are but a few of the many prob- 
lems awaiting extensive research to 
further widen the horizons of timber 
design and use, and to aid timber de- 
sign in keeping pace with develop- 
ments in other materials and with the 
requirements of the modern age. 

Wood is unique in being a renew 
able resource. As long as the sun 
shines and the rains fall, there need be 
no shortage of wood in the world if 
we manage the forests well and learn 
to use the tools of industry, products 
of our industrial civilization, for the 
more nearly complete employment 
of wood in meeting human needs. 
The forest resource is unique in that 
its proper harvesting is the best pos- 
sible means of insuring a permanent 
timber supply. 


( This article is based on the paper presented 
by Mr. Markwardt in the symposium on 
wood, sponsored jointly by the ASCE Siruc 
tural Division, AREA, ASTM, and ASME 
Wood Industries Division, at the session pre 
sided over by Mr. Markwardt, held during the 
Centennial Convention in Chicago 
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A survey of timber highway 
bridges in the United States 


RAYMOND ARCHIBALD, M. ASCE, Chief, Western Headquarters, Bureau of Public Roads, San Francisco, Calif. 


Historic records of the use of timber 
in highway bridges show that the 
important part timber played in the 
development of highways in America 
began, not a hundred years ago, but 
more than three hundred years ago 
It may be that the earliest bridges 
should not be classed as engineering 
feats, but they did require ingenious 
methods for their day. 

The first wooden highway bridges 
connected with American history 
were probably three bridges con 
structed in the Bermuda Islands in 
1620, or 332 years ago. The first 
bridge built in North America was a 
horse bridge over Neponset River, 
near Neponset, Mass., in 1634. It 
was destroyed in 1655 and replaced 
with a cart bridge. In 1635, a foot 
bridge was erected at Ipswich, Mass., 
which was later widened. 

Pile Trestles First Used 

Perhaps the first highway bridge of 
importance was constructed 191 years 
ago, in 1761, over the York River at 
York, Me., by Samuel Sewell, a civil 
engineer. This bridge is especially 
significant because it is the first one 
on record that was built from plans 
predicated on a survey of the site, 
and was the first pile trestle structure. 
It was 270 ft long, 25 ft wide, and was 
supported on 4-pile bents spaced ap- 
proximately 19 ft on centers. The 
bents, assembled with caps and brac- 
ing, were driven as a unit, the length 
of the piles having been previously 
determined by probing the stream bed 
with an iron-shod pole. 

The driving of the pile bents was 
quite an achievement in itself. After 
the bents were hoisted in place, the 
butt ends of the heavy logs, the tips 
of which were attached to the pre- 
viously driven bent, were raised and 
let fall with considerable force on the 
cap. The York River bridge con- 
tained a draw span to allow for the 
passage of sloops. 

In 1785, another pile trestle bridge 
was constructed over the Charles 
River between what were then Boston 


and Charleston, Mass., by methods 
similar to those used on the York River 
bridge. Its total length was 1,503 
ft including the draw span, and it had 
a 42-ft roadway and a 6-ft sidewalk. 
The camber for the entire length was 
2 ft. Forty lamps were installed for 
illumination. Here, built 167 years 
ago, was a bridge with a draw span, 
wide roadways, pedestrian walks, 
lighting, and camber. 

The proprietors of this bridge were 
required to pay annually $666.66 “in 
consideration of the income loss from 
ferriage,”’ to a ferry located nearby. 
Apparently toll ferries and bridges 
had their difficulties then, too. 


Trusses and Arches Introduced 


The development of the timber 
arch and truss spans widened the 
field, and marked the beginning of a 
period of bridge construction un- 
precedented in history. Records of a 
bridge over the Shetucket River at 
Norwich, Conn., built 188 years ago, 
in 1764, indicate that a truss might 
have been used for the first time. The 
account reads: 


It is 124 ft in length and 28 ft above 
the water. Nothing is placed between 
the abutments, but the bridge is sup- 
ported by Geometry work above, and 
calculated to bear a weight of 500 tons. 
The work is by Mr. John Bliss, one 
of the most curious mechanics of the 
age. 

Built in 1792, the Essex-Merrimac 
Bridge near Newburyport, Mass., 
had two 160-ft arched-truss spans. 
The Piscataqua Bridge near Ports 
mouth, N. H., contained a “stupen- 
dous arc,’ the chord of which was 
244 ft, 6in. long. The ribs were made 
up of curved timbers hewn from 
crooked logs and framed to produce 


firm abutting joints, which were 
staggered to secure rigidity and 
strength. 


Laminated timber members were 
used 148 years ago, in 1804, in the 
Trenton Bridge over the Delaware 
River between New Jersey and Penn- 
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sylvania. The ribs were made of 4 x 
12-in. planks on edges built up to form 
ribs 3 ft wide. 

Another engineering feat was ac 
complished in 1814 with the construc 
tion of the McCall’s Ferry Bridge 
over the Susquehanna River at 
McCall, Pa. This timber-arch span 
360 ft long was to be erected on scows 
to be floated into position. However, 
an ice jam prevented the use of this 
method, so the ribs were cut in half 
and skidded into place, resting on 
falsework supported by the ice. 

Ithiel Town, in 1819, developed a 
timber truss which was patented in 
1820, consisting of a top-and-bottom 
parallel chord with inclined members 
forming a latticework, and with ver- 
tical posts at the piers. The truss 
members were usually built of 2 x 10- 
in. and 4 x 14-in. planks. 

William Howe obtained a patent in 
1840 on a parallel-chord truss which 
permitted a complete stress analysis 
by a mathematical practice then in 
use. Thus, it appears that even 112 
years ago, our forefathers were apply 
ing engineering to highway bridges of 
timber. Now what about these in- 
tervening 112 years? 


Pressure Treatment Introduced 


Probably the most significant de 
velopment affecting highway bridges 
has been the introduction of the 
pressure preservative treatment of 
timber. With the advent of steel and 
concrete, the useful life of the timber 
bridge had to be extended if it was to 
compete with these new materials. 
This useful life had been greatly 
lengthened in the covered bridge, in 
which the truss members were pro- 
tected from the elements, but this was 
not entirely satisfactory. 

Pressure treatment of piles was an 
important improvement because un- 
treated piles deteriorate swiftly at the 
ground line and render the remainder 
of the structure useless. Stringers 
and caps were also given this treat- 
ment. The laminated timber deck 

(Continued on page 259) 
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Developments in the use of wood 
over the centuries have been many. 
It is a far cry from the use of trees 
and logs for bridging streams to the 
modern methods of using structural 


grade timber and metal fasteners. 
The purpose of this article is to dis- 
cuss one of the most recent develop 
ments in this field—one that promises 
not only to give us better and more 
versatile structures, but to have a 
considerable influence on our timber 
economy by permitting the more ef 
ficient use of smaller sizes and lower 
grades—glued laminated lumber. 

Glued laminated lumber is an as- 
sembly made by bonding layers of 
lumber or veneer so that the grain 
direction of all laminations is essen 
tially parallel. Thus, it differs from 
plywood, in which the layers of ve 
neer, or of veneer and lumber, are 
cross-banded, usually with the grain 
directions of adjacent layers at right 
angles. 

The laminating industry is young 
and virile, worthy of the attention 
of engineers and architects seeking a 
solution to their structural problems. 
From a small beginning, shortly after 
the first World War, the manufac 
ture and use of laminated wood grew 
to the point where, in World War II, 
it was an important factor in solving 
problems of shortages in vital mate 
rials. Not only were arches, beams, 
and truss parts laminated for use in 


buildings, but aircraft spars, ship 
keels, frames, and other members 
were furnished in large numbers 


New and expanded applications have 
been developed since World War II. 

Glued laminated wood has a num- 
ber of advantages over solid lumber 
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or timbers. Perhaps those of great- 
est significance are: 

Essentially unlimited size possi- 
bilities. This is of particular im- 
portance in view of the diminishing 
stands of timber that furnish the 
large sizes required for such struc- 
tural members as girders and bridge 
stringers. 

Improved utilization of our timber 
resources. Standard commercial sizes 
of lumber, which would otherwise 
have little or no structural applica- 
tion, can be used to produce large 
structural members. Further, lower 
grades of lumber than are used in the 
outer, higher-stressed laminations can 
be utilized in the inner, lower-stressed 
laminations of beams and arches 
without seriously affecting the 
strength of the member. 

Freedom from severe checking. 
Since the laminations are generally 
thin enough to be readily seasoned 
without severe seasoning degrade 
and since gluing requirements neces- 
sitate relatively low moisture con- 
tents, the checks and other defects 
commonly associated with large one- 
piece members can be avoided. Fur- 
thermore, dimensional changes after 
installation of the members in a 
structure are reduced, eliminating or 
reducing the cost of tightening bolts 
and other joint fastenings. 

The possibility of designing with 
stresses based on dry strength of 
wood. The initial dryness of the lam- 
inations permits, where dry conditions 
prevail in service, the use of design 
stresses based on the dry strength of 
the wood. The added strength, as 
compared with large, one-piece mem- 
bers, depends on the strength prop- 
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Laminated arches span 46-ft-wide building 
at U. S. Forest Products Laboratory, main. 
tained at Madison, Wis., in cooperation with 
University of Wisconsin. Arches and 
curved beams lend themselves to variety 
of architectural treatments not possible with 
lumber of large cross section. 


Laminated 


erty in question but in some cases is 
quite large (up to nearly 40 percent). 

Architectural effects not possible 
with solid timber. Arches and curved 
beams of large cross section, which are 
not possible with solid timber, lend 
themselves to a variety of architec- 
tural treatments and thus open new 
markets to wood. 

The possibility of designing con- 
stant-strength members. In design- 
ing with laminated wood, it is possible 
to vary the cross section of the mem- 
ber to fit, more or less exactly, the 
varying stress requirements at differ- 
ent points. 

There are also certain limitations 
that must be considered in com- 
paring laminated with solid members. 
The cost of a laminated member is 
greater than that of a solid member 
because of the procedures involved in 
preparing the lumber and in con- 
structing the member. The impor- 
tance of the glue joint to the integrity 
of the member necessitates special 
equipment, facilities, and skills not 
needed to produce solid members. 
Also, large curved members may be 
difficult to ship by common carriers. 


Early Use in Laboratory 


One of the early applications of 
glued laminated wood arches was 
essentially coincident with the be- 
ginning of research on this subject 
at the U. S. Forest Products Labora- 
tory. Laminated arches of two types 

solid cross section and box section— 
were used in an auxiliary building 
constructed in 1934 on the labora- 
tory grounds. Since its construc- 
tion, this building has served with a 
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ALAN D. FREAS, A.M. ASCE 


Engineer, Forest Products Laboratory 
U. S. Department of Agriculture, Madison, Wis. 


Use of laminated rafters for farm building is 
among new and important uses of laminated 
timber construction. 


timber permits flexibility of design 


maintenance in roles 
storage building to 


minimum of 
varying from 
office building. 

Laminated arches now have many 
applications, ranging from drill halls, 
hangars, and industrial buildings to 
churches, school gymnasiums, and 
auditoriums. Such buildings employ 
arches of fairly heavy cross section 
at moderate and large spacings. An- 
other, and increasingly important, use 
is in farm and small industrial build- 
ings, where arches of small cross sec- 
tion are used at close spacing. 

Laminated construction is increas- 
ingly important because it is capable 
of furnishing structural members of 
sizes now difficult or impossible to 
procure in solid form. For example, 
dredge spuds 30 x 30 in. in cross sec- 
tion and.85 ft long have seen service 
on the Columbia River. Unusual 
conditions of a highly humid and acid 
atmosphere in the dye room of a 
knitting mill precluded the use of 
steel trusses or timber trusses with 
metal connectors because of rapid 
corrosion. For that construction, 
laminated beams 24 x 36 in. in maxi- 
mum cross section and 80 it long, 
glued with a highly moisture-resistant 
glue, were used. 

The railroads have long been large 
users of structural timbers.  Be- 
cause of the difficulty of procuring 
solid timbers in the large sizes fre- 
quently required, they have become 
interested in laminated construction 
and have installed laminated mem- 
bers in bridges in California, Texas, 
West Virginia, and Virginia—adnd 
possibly in other states. One of the 
early installations is a bridge near 
Alexandria, Va., employing lami- 





Glued laminated dredge spud, 30 x 30 in. in cross section and 85 
ft long, indicates almost unlimited sizes available in laminated timber. 


nated caps, posts, and stringers. To 
increase the bearing capacity of the 
caps, a number of oak laminations 
was used on the outside. 


Adhesives and Fabrication 

While the primary purpose here 
is to discuss the engineering-design 
phases of glued laminated lumber, it 
seems necessary to discuss, at least 
briefly, problems in the choice of ad- 
hesives and in fabrication. The best 
efforts of the best designers are of 
little avail if there are errors in fabri- 
cation. 

Obviously the bond between the 
laminations is of primary importance. 
Without that bond, there would be 
no structure, but only a group of 
laminations incapable of serving a 
useful structural purpose. It follows, 
then, that an adhesive must be chosen 
that will furnish such a bond, not only 
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initially, but over a period of years 
in service. There is, apparently, a 
reluctance among engineers to have 
faith in any structure that depends 
upon glue for its structural integrity. 
Where this is true, experience has 
been limited to the older woodwork- 
ing glues, such as are commonly used 
in furniture. Many such adhesives 
will, under adverse conditions, fail 
completely. 

The adhesive industry has made 
many advances, so that, today, there 
is a wide range of adhesives available 
to satisfy very nearly any service con- 
dition from mild to extreme. Fur- 
thermore, these adhesives are far 
beyond the laboratory and are in 
rather wide practical use. Perhaps 
the most important of the new ad- 
hesives, from the standpoint of the 
structural laminating industry, are 
the resorcinol resins and the mixtures 
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Highway bridge of 103-ft span is supported by four glued 


laminated arches. 


Treatment with preservative salts was 


carried out before assembly, but in case of nearby lami- 


nated timber arch 


or blends of phenol and resorcinol 
resins. On low-density species, re 
sorcinol-resin adhesives may be cured 
adequately for many purposes at 
room temperatures. Phenol-resorci 
nol blends and resorcinol resins on 
high-density species require curing at 
elevated temperatures if the lami 
nated item is to withstand 
service 

Proper selection of an adhesive, 
however, is only one step in insuring 
a good glue bond. The best glue, im 
properly used, may prove a complete 
disappointment Adequate tech 
niques of use involve a variety of 
factors. Among the more impor 
tant are uniform seasoning of the 
lumber and surfacing of laminations; 
proper mixing and spreading of glue; 
adequate and uniform application of 
pressure; and proper curing of the 
glue, including proper temperatures 
and time under pressure as well as 
adequate control of the relative hu 
midity during curing The variety 
and character of these factors will 
generally require special plant equip 
ment and special skills. Ordinarily, 
this will preclude on-site fabrication, 
particularly for important structural 
members 

\ question may well be raised as 


severe 
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creosote was applied after gluing 


to the fatigue resistance of glued 
joints, particularly for railroad use. 
The evidence on this point is reas 
suring. A series of fatigue tests, in 
cluding tests both for shear along the 
glued joint and for tension perpen 
dicular to the glued joint, produced 
no evidence that the joint tended to 
deteriorate from fatigue any faster 
than the wood around it. 


Assignment of Working Stresses 


In general, methods of structural 
analysis applicable to structures of 
other materials are applicable also to 
structures of laminated wood. The 
the correct working 
however, involves special 
considerations, some of which are 
common to all timbers and some pe 
culiar to laminated members. 

In timber design, it has been the 
practice in the past to assign “‘basic 
to the various species and 
to compute working stresses for par 
ticular grades by multiplying the 
basic stress by a factor called the 
strength ratio. The basic stress rep- 
resents, essentially, the working stress 
applicable to a defect-free piece. It is 
derived from the average properties 
of the species by applying factors that 
adjust laboratory test results to ac 


assignment of 


stresses, 


stresses’ 
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tual conditions of use. The strength 
ratio represents the proportion of the 
strength of a defect-free piece that 
remains after taking into account the 
effect of strength-reducing features 
In developing working stresses for 
laminated members, the same systen 
is used. 

Basic stresses for laminated timbers 
under service conditions involving 
high moisture content are the same 
as for solid timbers, that is, they are 
based on the strength of wood in the 
green condition. One of the advan 
tages of a laminated member is that it 
can be made of laminations small 
enough in cross section to be sea 
soned readily before assembly and 
thus to form a member seasoned 
throughout and free from the ten 
dency to check and distort after ere 
tion. Obviously, such a member als 
may be sufficiently dry throughout t 
justify the use of stresses based o1 
the higher strength of dry material, 
but only if the conditions of service 
are such as to maintain a low moisture 
content in the member throughout 
its service. Accordingly, the Forest 
Products Laboratory recommends 
second set of basic stresses for struc 
tures that will see service under dr 
conditions. 


Lamination Quality 


The same characteristics, such as 
knots and cross grain, that reduce the 
strength of solid timbers will also affect 
the strength of laminated members 
There are, however, additional fac 
tors peculiar to laminated constrix 
tion that must be considered. 
strength-reducing feature, such as a 
knot, must necessarily have 
effect on strength if it is located in a 
region of low stress, such as that near 
the neutral plane of a beam, than if 
it is located in a region of high stress 
Tests have confirmed the view that 
substantial amounts of relativel\ 
low-grade material can be placed 
the central portion of a beam or arch 
without serious effect on the overall 
strength. Thus, even though som 
of the laminations in a beam made 0 
high-grade lumber are replaced by 
laminations of a lower grade, it is 
possible to maintain a considerable 
proportion of the strength of the 
beam. Conversely, the strength of : 
beam of low-grade laminations cat 
be improved by substituting a few 
high-grade laminations at the toy 
and bottom of the beam. 

Obviously, it is unlikely that larg 
knots will tend to concentrate at th 
critical section of a laminated mem 
ber, and therefore the dispersion of 
knots in laminated members should 
have an advantageous effect o1 


less 
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trength. Some proposed design pro- 
cedures assign a more or less arbitrary 
waluation to this effect. It is pos- 
dble, however, with sufficient knowl- 
aige of the occurrence of knots within 
a grade, to establish mathematical 
estimates of this effect for members 
entaining various numbers of lam- 
nations. Allowable design stresses 
computed in this manner are some- 
shat higher than for solid timbers of 
@mparable grade. Cross-grain re- 
quirements, therefore, must be more 
ngid than for solid timbers in order 
to justify these allowable stresses. 


joints Evaluated 


In laminated members of consider- 
able size, pieces of lumber must be 
joined end to end to provide lami- 
nations of sufficient length. These 
joints are an important factor in de- 
termining the strength of laminated 
members. Since stress cannot be 
transferred across a butt joint, such a 
joint represents an ineffective area, 
and additional cross section must be 
provided to compensate for it—a 
wasteful procedure. What is not so 
obvious is that a butt joint is a serious 
source of stress concentration, not 
only with respect to shear stress in 
the interlaminar joints adjacent to 
it, but also with respect to longitu- 
dinal stress in the adjacent lami- 
nations. Butt jointsarenotcommonly 
used in important structural mem- 
bers, but where they are, account 
must be taken of both the ineffective 
area they represent and their stress- 
concentrating effects. 

On the other hand, scarf joints, in 
which the sloping ends of two pieces 
are joined with glue, are effective 
means of joining the ends of pieces 
to form laminations of the required 
length. Even so, experience and re- 
search have indicated that scarf 
joints should not be considered fully 
effective. Definite reductions in 
working stresses are recommended 
when scarf joints are used, the reduc- 
tion being greater for the steeper 
scarf slopes. For example, it is 
recommended that, when stressed in 
tension, a scarf joint having a slope 
of 1 in 12 be stressed to not more than 
90 percent of the stress that would be 
permitted in an uncut lamination. 
At a slope of 1 in 5, the correspond- 
ing percentage is only 65 percent. 

Edge joints, which may be required 
to provide sufficient width, are gen- 
erally of little importance from the 
standpoint of strength, except in ver- 
tically laminated members, where 
they have an effect on shear resis- 
tance. In horizontally laminated 
members, they are frequently not 
glued. 


Stresses Induced by Bending 


Bending of laminations to a curved 
form induces stress in them. Often a 
calculation of the stress induced indi- 
cates that it is well up toward, and 
sometimes beyond, the proportional- 
limit stress of the material. From 
this it would appear that the stress 
that may be permitted in the finished 
member would be considerably re- 
duced. Tests have shown, however, 
that this stress is largely relieved, 
and that the reduction in working 
stress is generally moderate. 

A related factor, which is not en- 
countered in ordinary timber design, 


must be considered when deep, 
sharply curved members are in- 
volved. It will be recalled that, in 


such members, the stresses computed 
by ordinary methods for flexure mem- 
bers will be in error by an amount de 
pending upon the ratio of center-line 
radius to depth of member. In many 
curved laminated members, this fac- 
tor will be of little or no consequence 
and can be neglected. In other mem- 
bers, however, the error may be of 
considerable magnitude. For ex- 
ample, at a radius-depth ratio of 6, 
the error will be about 5 percent, but 
at a radius-depth ratio of 3, it will be 
about 11 percent, with rapidly in- 
creasing percentage errors as the ratio 
of radius to depth becomes smaller. 
Since the relation of error to ratio is 
readily plotted, such a plot might 
well be kept handy and used in de- 
signing for a quick check as to whether 
the error involved in the use of ordi 
nary formulas is of consequence. 


Stiffness Considerations 

Contrary to the usual practice in 
designing with solid timber, research 
has shown that, with laminated ma- 
terial, the modulus of elasticity de- 
creases with decreasing grade. It ap- 
pears, however, that the reduction will 
generally amount to only a few per- 
cent, so that, in structures where 
deformation is not critical, the basic 
value of modulus of elasticity may 
be used. Where deformation is criti- 
cal, and more refined values of modu- 
lus of elasticity are required, meth- 
ods are available for evaluating the 
required reduction. 

More important than the minor 
adjustments required for grade is the 
necessity for taking into account, by 
one means or another, the increasing 
deflection, or sag, that takes place 
with time under continued load. 
The use of values of modulus of elas- 
ticity recommended in ordinary tables 
of basic or working stresses gives 
only an average value of immediate 
deflection. To take account of in- 
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creasing deflection, when this must 
be limited, it is common to use half 
the value of modulus of elasticity in 
the calculation of immediate deflec- 
tion, thus limiting the immediate de- 
flection to half of that expected over 
a long period. Experience has indi- 
cated that the long-time deflection 
will be about twice the immediate de- 
flection. 


Height and Form of Bending Members 


It has long been known that stresses 
in wood beams, as computed by con- 
ventional methods, are affected by 
both the form and the height of the 
cross section. This has led to the 
development of form factors to be 
applied to the usual bending equa- 
tion. The effect of height has hereto- 
fore been relatively unimportant, 
since the depth that could be realized 
in solid timbers has been limited. In 
laminated construction, however, this 
limitation has been removed, and 
beams and arches of considerable 
depth are common. Members 2 to 4 
ft deep are not uncommon, and one 
member having a depth of about 7 ft 
has been projected. Consideration of 
the effect of height as well as of the 
form factor thus assumes some im- 
portance in the design of laminated 
construction. 

Today, a considerable number of 
firms are manned and equipped to 
furnish laminated members in a 
variety of forms and species for a 
myriad of uses. Many, too, are pre- 
pared to furnish the specialized engi- 
neering services required. While the 
industry is young and is experienc- 
ing some growing pains, it is expand- 
ing rapidly and its products are daily 
gaining more general acceptance. 

The Southern Pine Association and 
the West Coast Lumbermen’s Asso- 
ciation have prepared standards of 
design and fabrication for softwood 
laminated members that will be use- 
ful as a guide to the purchaser in de- 
fining what he can expect from the 
product. A committee of the Ameri- 
can Lumber Standards Committee 
has under way a similar standard 
for laminated hardwood for struc- 
tural uses. Consideration also is 
being given by the American Lumber 
Standards Committee to a more 
fundamental, overall standard for 
laminated members. 

Photographs are used by courtesy 
of the U. S. Forest Service, Forest 
Products Laboratory. 


(This article is based on the paper presented 
by Mr. Freas before a wood symposium 
session presided over by L. J. Markwardt, 
M. ASCE, at the Centennial Convention in 
Chicago.) 
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High-strength bolts 


The entire growth of engineering 
knowledge with respect to metal 
construction, which plays such an 
important role in modern living, falls 
almost completely within the one 
hundred years that have elapsed since 
the founding of the American Society 
of Civil Engineers. Although the 
use of rivets and bolts in joining 
metal components had been part of 
the craftsman’s art for centuries, 
engineering concepts as to the be 
havior of such joints, by which their 
strength could be evaluated for the de 
sign of structures, were probably first 
applied in the construction of the 
Britannia and Conway tubular bridges 
about the middle of the nineteenth 
century. 

Necessarily in the beginning, these 
concepts were supported by test data 
obtained only from very small speci- 
mens. Considering the very simple 
and not altogether accurate testing 
methods used, it is remarkable that 
the data agree as well as they do with 
those of more recent investigators. 

It is interesting to note that the 
contribution to the strength of a 
joint made by the ‘“‘friction produced 
by the cooling of red-hot rivets’ 
was recognized by at least one writer 
a century ago. He observed that, 
at working loads, joints acted by 
friction alone. Nevertheless the clas- 
sical concept of a riveted or bolted 
joint almost from the start has been 
that of adjacent plies loaded in op- 
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—a new concept in 


structural connections 


posite directions and held together 
by virtue of the shear strength of the 
fastener. 

In the case of riveted connections, 
resistance to applied loading is gener- 
ally assumed to take place with little 
if any slip, because the forging of the 
rivet has substantially filled the rivet 
hole. Likewise, the use of turned 
bolts in reamed holes is assumed to 
control the slip between the connected 
parts within tolerable limits, al- 
though hole clearances up to 1/50 in. 
are permitted in fabrication. In 
connections where slip is of less 
consequence, it has long been the 
practice to place unfinished bolts in 
holes punched or drilled to a size 1/16 
in. greater than that of the bolts them- 
selves. 

Stress Transferred by Friction 

The accepted use of high-strength 
bolts, prestressed to such tension that 
friction between the connected parts 
alone can be relied on to transfer the 
stress from one member to another, is 
a development which has taken place 
in the field of bridge and building 
construction only within the past five 
years. Several factors have served to 
stimulate this development. 

In the first place, it was discovered 
that the use of hardened washers 
under the nut and the bolt head made 
possible clamping forces greatly in 
excess of the best that could be 
achieved through the shrinkage of hot 


rivets on cooling. These clamping 
forces are sustained without signifi- 
cant relaxation even after hundreds 
of thousands of loading cycles. In 
the case of bridges and other dynam 
ically loaded structures, the demon- 
strated superiority of highly pre- 
stressed, high-strength bolts in pro- 
viding a smoother stress path, thus 
materially improving the fatigue 
strength of the joint, offers a distinct 
advantage over riveted construction. 

The use of high-strength bolts for 
the field connections of bridges and 
buildings involves no retraining of 
drafting-room or fabricating-shop 
forces, and no replacement or re- 
arrangement of existing shop equip- 
ment and fabricating practices. 

Costwise, high-strength bolt con- 
struction competes with riveting. 
The bolts themselves are much more 
expensive than undriven rivets, but 
the difference is largely, and in some 
cases completely, offset by lower in- 
stallation costs. Even were this not 
so, the present shortage of riveters in 
many parts of the United States still 
would suggest a need for the newer 
type of fastener, the proper installa- 
tion of which requires only a mint- 
mum of steel worker training. 

In the early stages of the investi- 
gation covering the use of high- 
strength bolts, sponsored by the Re- 
search Council for Riveted and Bolted 
Structural Joints, it was realized that 
laboratory tests conceivably might 
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not include all the factors affecting 
their behavior in dynamically loaded 
railroad and highway bridges. The 
joints of such structures are subject 
not only to fluctuation in loading, 
but also, concurrently, to vibrations 
of varying amplitude and frequency. 

Accordingly, in 1948 the research 
staff of the Association of American 
Railroads arranged with several rail- 
roads to replace with high-strength 
bolts more than 1,000 existing rivets 
in a number of joints of twelve dif- 
ferent bridges, where trouble had 
been encountered in keeping rivets 
tight because of excessive vibration 
and other unusual service conditions. 
In several of these structures main- 
tenance crews had to redrive a cer- 
tain number of loose rivets each year. 

It had been the practice with some 
of the railroads for the division 
forces to temporarily replace rivets 
found to be loose by the bridge in- 
spectors, with ordinary carbon bolts. 
Eventually these bolts in turn would 
be replaced by new rivets, installed 
by the steel-bridge gang when the 
accumulated number to be driven 
was sufficient to justify bringing a 
compressor and riveting equipment to 
the site. In the meantime it often 
would be necessary to retighten the 
temporary bolts since they were in- 
capable of retaining their initial ten- 
sion for any extended period under 
the service conditions. 


Bolts Hold Where Rivets Fail 

In each case included in the field 
test program, all the rivets in a joint 
were replaced, one at a time, by high- 
strength bolts of the same nominal 
diameter. These bolts have been in- 
spected periodically, and after four 
years still retain their full clamping 
force. Meanwhile the rivets in 
similar joints on the same structures 
(sometimes at the other end of the 
same member) have continued to 
work loose. 

In one case, where common washers 
were originally installed with the 
high-strength bolts, the bolts did not 
stay tight. However, ever since the 
common washers were replaced with 
hardened washers, nearly four years 
ago, the bolts have maintained their 
initial prestress. 

Some bolts were installed in jagged 
holes which had become enlarged as a 
result of the frequent backing out of 
loosened rivets. Wherever two hard- 
ened washers were placed under the 
head and nut of these bolts to prevent 
deflection in the enlarged holes, the 
bolts retained their full clamping 
force. 

In all these installations the fric- 
tion created in the threads by the 
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high initial bolt tension alone was 
sufficient to prevent any loosening 
of the nut. No self-locking type of 
nut or washer was used, and the 
threads were not burred after the 
nuts had been tightened. 

In general, the bolts used in this 
program were tightened to develop 
a tensile stress on the mean thread 
area of 72,000 psi (equivalent to ap- 
proximately 85 percent of the speci- 
fied yield-point stress). The bolts 
in several of the joints, however, 
were deliberately tightened well be- 
yond the yield-point stress. The 
excessive amount of prestress did not 
appear deleterious. These bolts have 
been functioning satisfactorily for 
more than four years without exhib- 
iting any visible evidence of damage 
or impaired clamping force. 

To study the use of high-strength 
bolts in cold climates, existing rivets 
were replaced by such bolts in several 
floor-beam hanger connections on 
riveted bridge trusses where the 
temperatures fall to at least —40 
deg F. The bolts have now been in 
place for two winters and have proved 
entirely satisfactory. 

The cost advantage of high- 
strength bolts on bridge maintenance 
is quite apparent. Transportation 
of driving equipment, per redriven 
rivet, is expensive because of the 
limited number and scattered location 
of the rivets involved, even when the 
riveting operation is postponed as 
long as possible by the temporary 
substitution of ordinary bolts. The 
required tightening specified for high- 
strength bolts, on the other hand, can 
be achieved with manually operated 
wrenches. 


Pneumatic Wrenches Control Tightness 


Although manual installation is the 
most economical method when only 
a few scattered bolts are required at 
some remote site, it would be un- 
necessarily expensive for general use 
on building construction. Here the 
use of air-impact wrenches not only 
reduces the required physical effort to 
a minimum and saves considerable 
time, but also introduces a simple yet 
remarkably effective bolt tightening 
control. 

Pneumatic-impact wrenches are 
only slightly heavier than the hand 
hammers used for driving rivets of the 
same nominal diameter. They need 
but a single operator and are about as 
portable as riveting hammers. 

The torque required to tighten the 
nut to the desired bolt tension, after 
the air motor has spun it down until 
it first seats, is provided by a very 
rapid succession of blows delivered 
normal to radial lines passing through 


the bolt center-line. Blows are de- 
livered simultaneously on opposite 
sides of the bolt; their reactions are 
balanced, and the physical effort 
required of the operator is consider- 
ably less than that involved in driving 
rivets. Furthermore, this effort need 
be sustained for only a fraction of the 
time necessary to drive a rivet. 

At a normal operating air pressure 
of, say, 80 to 90 psi, about five sec- 
onds is required after the nut first 
seats, before it has been turned to the 
desired tightness. Depending on the 
size of the bolts being installed, as 
many as six wrenches can be served 
by a single 160-cfm compressor. 

This relationship of air pressure to 
nut-tightening effort has provided 
the most effective bolt tension control 
thus far developed. By inserting a 
pressure regulator in the air supply 
line to each wrench, the wrench can 
be made to ‘‘stall’’ when the desired 
bolt tension has been achieved. 
Naturally, at the reduced pressure 
the tightening time is somewhat ex- 
tended—from perhaps five seconds to 
about ten seconds, depending on the 
size and the type of wrench, which 
places less of a premium on operator 
reaction time for the controls. At 
the point of “‘stall” the wrench con- 
tinues to impact but lacks the power 
to deliver a substantially larger 
torque. This point can be detected 
by a noticeably heavier vibration in 
the wrench. At this point there is 
no visible turning of the nut, and the 
tightening socket on the wrench tends 
to recoil after each blow. 

The wrenches are capable of tight- 
ening bolts of more than one nom- 
inal diameter, although more than one 
wrench size would be required to 
operate effectively over the entire 
range of bolt diameters encountered 
in bridge and building construction. 
Even for any one given diameter, 
the amount of torque necessary to 
produce a specified bolt tension can 
vary somewhat, depending on the 
condition of the threading. 

Table III, in the Research Coun- 
cil’s Specification for the Assembly 
of Structural Joints Using High Ten- 
sile Steel Bolts, attempts to correlate 
required bolt tensions with corre- 
sponding equivalent pound-feet of 
torque, for various bolt sizes. A foot- 
note states that the torque values 
are experimental approximations. 

Several devices have been devel- 
oped whereby the air pressure at the 
wrench can be adjusted so that the 
desired bolt tension is provided with- 
out reference to any intermediate 
measure of torque. Where these de- 
vices have been used, operators with 
no prior experience have been able to 
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consistently obtain entirely satis- 
factory results. Using this tech- 
nique, all the variables which affect 
bolt tightness—-wrench capacity, bolt 
size and length, and condition of the 
threads—are brought into proper 
balance in a single operation. 

One device permits the bolt to be 
tightened against the parallel faces 
at the ends of a hollow cylinder, 
through which the bolt has been in 
serted. The clamping force delivered 
to the cylinder by the tightened bolt 
can be read by electric resistance 
strain gages and an indicator. 

Another device is so constructed 
that a bolt of the size and character 
to be installed at the site is tightened 
against an enclosed volume of fluid, 
the resulting pressure in which, con- 
verted to equivalent bolt tension, is 
read directly on a pressure gage. 

Bolts tightened with impact 
wrenches adjusted by these devices 
have been found to provide con 
sistently accurate amounts of pre 
stress, when checked with a torque 
wrench. For this reason the concern 
of inspectors has been more with the 
calibration of the impact wrenches, 
and subsequently with maintaining it 
throughout the day, than with spot 
checking the finished work with a 
torque wrench 

Some misunderstanding has been 
reported as to the intent of Section 
1(b) of the Council’s Specification. 
Attempts have been made to restrict 
the bolt prestress to precisely that 
specified in Table III, no more and no 
less. The tabulated tension values, 90 
percent of the minimum specified elas 
tic proof load of the bolts. are calcu 


Bolt tension can be effectively controlled by regulating air supply to wrench. 
way wrench can be made to ‘'stall’’ at desired bolt tension. 


lated to develop nearly the maximum 
clamping force that can be expected 
of the bolts. Although no useful pur- 
pose is served when a bolt is strained 
beyond rather than up to its elastic 
limit, numerous field and _ labora- 
tory tests have indicated that no 
damage is sustained by bolts tight- 
ened well beyond this point. They 
still are capable of providing a clamp- 
ing force limited only by the elastic 
properties of the bolt. Since the mini- 
mum specified breaking strength of 
the bolts is not reached until a ten- 
sion in excess of 150 percent of the 
values given in Table III has been 
applied, too meticulous attention to 
an upper limit of prestress is unneces- 
sary and only serves to increase the 
erection cost. 

The use of a pneumatic impact 
wrench does entail some noise. Dur 
ing the short interval when the 
wrench is spinning the nut into bear- 
ing against the hardened washer, the 
noise from the wrench ordinarily 
would be masked by the level of noise 
incident to other construction opera- 
tions. In fact, the much sharper 
sound which follows when the nut has 
been seated may be obscured by 
many common construction noises. 
The maximum noise level of the 
wrenching operation has been de 
scribed as approximately one-half 
that of an ordinary riveting hammer. 
Its duration likewise is only half that 
required to drive a rivet. It is signifi- 
cant that many of the projects using 
high-strength bolts which have al 
ready been completed, or which are 
contemplated for construction in the 
immediate future, have been addi- 


In this 
Point of “‘stall’’ is indi- 


cated by heavier vibration of wrench, while nut appears to stop turning. 








tions to hospitals where much study 
was given to this aspect of the prob 
lem. 

Few building connections are sub 
ject to the dynamic loading and 
vibration which are characteristic of 
railway and highway bridges. Hence 
the superior fatigue strength which is 
characteristic of connections made 
with high-strength bolts loses much 
of its appeal in ordinary building 
construction. Nevertheless, to re 
lieve pressure on the currently in 
adequate supply of trained riveters, 
economically and with a minimum of 
change in existing practices, the high 
strength bolt has much to offer, as is 
evidenced by the number of struc- 
tures which have been, or are being, 
erected using such bolts in the short 
time since their possibilities were first 
fully realized. 


Bolts Used in Construction 


One of the first buildings to be 
constructed utilizing substantially the 
same techniques as are now recom- 
mended by the Council was a 14-story 
hospital for the University of Illinois, 
at Urbana, designed by Holabird & 
Root & Burgee of Chicago. At that 
time the Specification for Quenched 
and Tempered Steel Bolts, serial des 
ignation A-325, had not been accepted 
by the American Society for Test- 
ing Materials, and somewhat stronger 
and more expensive bolts were used 
in lieu of those now recommended. 
These bolts had to be manufactured 
to order, and delays were experienced 
in delivery so that some additional 
erection cost was involved. Never 
theless, it has been reported that the 
bolts cost only between $6.00 and 
$7.00 more per ton of steel erected 
than field rivets would have. 

Also included in recent bolted 
hospital construction were the first 
eleven stories of a 21-story addition 
to the Mayo Clinic at Rochester, 
Minn., designed by Ellerbe & Co. of 
St. Paul; a 21-story building for the 
Mayo Memorial Medical Center at 
the University of Minnesota in Min- 
neapolis, designed by C. H. Johnston, 
also of St. Paul; the 15-story General 
Hospital for the University of Oregon 
Medical School at Eugene, designed 
by Lawrence, Tucker & Wallmann 
of Portland; and the 13-story Johns 
Hopkins hospital building in Balti- 
more, Md., designed by James R. 
Edmunds of Baltimore. 

A complete tabulation of all the 
structures assembled with _high- 
strength bolts in the past few years 
since their use was first proposed is 
not possible. One or two representa- 
tive installations should suffice to 
give a fair picture of the increasing 
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popularity of this newest of fastening 
techniques. 
The new Aluminum Company of 


America plant at Sandow, near 
Rockdale, Tex., comprising some 
twenty-five industrial shed-type 


buildings, will require approximately 
100,000 high-strength bolts. The 
buildings, designed by the Aluminum 
Company's own engineering depart- 
ment, are one story high. The roof 
trusses span 60, SO, and, at times, 
100 ft. 

Some 10,000 tons of structural 
steel will be required to complete a 
large jet-engine manufacturing plant 
for the Chrysler Corporation at 
Utica, Mich. The project also in- 
cludes a much smaller three-story 
frame for a powerhouse. Plans for 
the construction were prepared by 
Albert Kahn, Associated Architects 


and Engineers, of Detroit. All pri 
mary connections will use A-325 
bolts. Secondary connections such 


as purlins and sash angles will use 
ordinary unfinished bolts, as would 
have been the case had the principal 
connections been riveted. 

The one-story building is so large 
that considerable planning was justi- 
fied in organizing the erection forces 
for the new bolting technique. The 
steel was erected with one pin and one 
fitting-up bolt in each connection, in 
the usual manner. The final bolts 
were installed by steel workers whose 
task was completed when these bolts 
were made snug with an ordinary 
hand wrench. 

Since there were a great many 
repetitions of more-or-less identical 
connections, each man was assigned 
the job of placing the bolts in a single 
typeofconnection Tightening gangs, 
each consisting of two men who did 
nothing but bring the bolts up to the 
specified prestress using impact 
wrenches, followed immediately be- 
hind. Most of the connections could 
be reached without scaffolding. It was 
found that it took three to four men to 
keep ahead of a tightening gang. The 
average production per man, counting 
all those engaged in the work, was in 
the order of 150 bolts per day. Two 
tightening gangs, confining their activ- 
ities entirely to this one operation, in- 
stalled as many as 3,100 bolts per 
working day. 

When several bolts are required in 
a single connection, the tightening 
of the later bolts often increases the 
total clamping effect on the connec- 
tion to such an extent that the first 
bolts tightened often have to be re 
tightened. On this project it was 
found that connections with as many 
as seven holes in a single row could be 
quickly brought up to the proper ten- 
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sions by tightening the center bolt 
first, then proceeding from the top 
hole down to the bottom one, thus 
giving the center bolt a second treat 
ment halfway through the operation. 

Some 5,000 high-strength bolts 
were used in the construction of two 
sections of a viaduct—one section 
550 ft and the other approximately 
700 ft long—on the freight line of the 
Union Railroad Co. over Turtle 
Creek in East Pittsburgh, Pa. This 
viaduct, consisting of four lines of 
plate girders supporting 18-in. trans 
verse floor beams spaced 2 ft 6 in. on 
centers, carried track ballast laid on a 
steel plate deck. High-strength bolts 
connected the floor beams to the lon 
gitudinal girder. 

More than 150,000 high-strength 
bolts were required for the primary 
connections in the General Motors 
Corporation’s huge  Buick-Olds 
mobile-Pontiac assembly plant at 
Arlington, Tex. This project, pro- 
viding 1,250,000 sq ft of floor space, 
consists principally of 45 x 45-ft, 
15 x 90-ft, and 90 x 90-ft bays of one 
story truss-and-column framing. 

Part of the building is two stories 
high. Overhead traveling cranes are 
supported on the building frame as is 
also the case in the Aluminum Com 
pany building at Sandow. Plans 
were prepared by the Argonaut 
Realty Division of General Motors 
Corporation. In the invitation to 
bidders, fabricators were instructed 
to quote both on the basis of field 
riveting and on the basis of high 
strength bolts. The successful low 
bidder submitted the same price for 
both methods of field fastening. 

On some of the projects mentioned, 
cost comparisons were prepared on 
the various methods of making field 
connections. On others no detail 
studies were attempted, since some 
increase in cost would have been 
tolerated in the interest of expediting 
construction. Where comparisons 
have been attempted, any differences 
found generally have been so small 
that they could be verified only by 
actual performance records on two 
otherwise identical projects. 
Research on Bolts Continued 

The elimination of one item of ex 
pense, having to do with shop paint at 
the contact surfaces of connections 
assembled with high-strength bolts, 
is currently being studied under the 
Council’s research program. Section 
3(c) of the present Specification re 
quires that faying surfaces be free of 
paint, lacquer, oil, and all other mate 
rials which would interfere with the 
development of friction between the 
parts, because laboratory tests have 


First eleven floors of 2l-story addition to 
Mayo Clinic at Rochester, Minn., were con- 
structed with high-strength bolts. Noise 
reduction secured by use of such bolts 
may be an important consideration in hos- 
pital construction. 


indicated the possibility of a gradual 
slip under long-sustained loading, 
no doubt caused by a shearing action 
within the body of the paint film 
As in the case of similar provisions 
usually invoked where connections 
are to be field welded, it is necessary 
to note on the shop drawings all loca 
tious where shop paint is to be omit 
ted. This drafting-room operation, 
coupled with shop expense involved 
in marking limits for shop painting 
of the steel parts and some expense in 
“touching up” the shop coat in the 
field after erection, of course costs 
money. The expense, although not 
great, constitutes a challenge. Some 
solution to the problem, other than 
the omission of shop paint, surely 
will be found. 

To date the only specification 
recommendations published by the 
Council are concerned with the case 
where shear must be transmitted 
across a joint and where slip of any 
consequence generally is not per- 
mitted. For those connections where 
slip can be permitted, such as the 

(Continued on page 255) 
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DIVISION STREET INTERCHANGE, SAN FRANCISCO 





California’s all-welded viaduct 


points way to improved design 


The Centennial of Engineering 
would not be complete without con- 
sideration of the great advance that 
has taken place, particularly in the 
past few years, in the field of welded 
structural steel fabrication. Not 
many years ago, welding on major 
buildings and bridges was limited to 
secondary details only. Today large 
bridges and some buildings are using 
welding to fabricate not only main 
stress-carrying connections and 
splices but also heavy girder and 
column sections from rolled plates. 

In California three factors during 
the past ten years have added im- 
petus to the welding of structural 
steel bridges: 


l The shortages of steel caused by 
World War ITI and the present Korean 
War. 

2. The great increase in the knowl 
edge of the physical and chemical phenom 
ena surrounding the welding of struc 
tural steel, along with the great improve 
ments in welding equipment and tech 
nique 

3. The large expansion of highway 
bridge construction, coupled with the 
structural engineer's persistent desire to 
search out better and more economical 
methods of bridge construction 


Because of the war in Korea, Cali- 
fornia found that its allotment of 
steel was not sufficient to advertise 
all its needed projects, the allocation 
of rolled shapes being particularly 
short. The design of one structure 
which first required riveted girders 
and rolled beams was changed to spec- 
ify girders and beams fabricated 
from rolled plates. In redesigning 
the structure, the beams were made 
to act compositely with the slab, 
further reducing the amount of steel 
needed. In all, 9 riveted girders 77 ft 
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long, and 138 rolled beams 44 ft long, 
were revised to 3 welded plates. 
The change to composite construc- 
tion and welded plates reduced the 
total amount of steel required by 
200,000 Ib and made it possible to 
advertise the project at that time. 

The successful contractor’s bid for 
structural steel was $0.135 per Ib 
and the average bid was $0.153 per 
Ib, whereas the low bid was $0.127 
per Ib and the high bid, $0.180 per 
Ib—not including painting. Although 
these prices were very reasonable, 
it is likely that had the allotment al- 
lowed the use of rolled beams a some- 
what lower price would have been 
possible. 

In San Francisco, the great San 
Francisco—Oakland Bay Bridge col- 
lects from and discharges into the 
crowded city streets of San Francisco 
from 80,000 to 90,000 cars per day. 
From the south side of San Francisco 
the Bayshore Freeway carries an- 
other 100,000 cars per day to and 
from the city streets. The Division 
Street Interchange will connect these 
two great arteries of traffic and pro- 
vide for the interchange of traffic into 
the city at more convenient points. 
In addition, it will allow an uninter- 
rupted flow of through traffic, thus 
keeping thousands of cars off the 
already crowded city streets. 

Because this great freeway viaduct 
and interchange structure (Fig. 1) 
is being built of welded steel columns 
and girders in six different units and 
contracts, it presents an ideal basis 
for discussion of the latest develop- 
ments in welded steel bridge con- 
struction. The stage method of 
construction permits possible im- 
provements in the plans and specifi- 
cations for each succeeding contract, 
taking advantage of any experience 
gained as the work progresses. 


Design 


The design of most of the spans 
of the Division Street Interchange 
in the 50- to 60-ft range was gov- 
erned by economy and esthetics, ex- 
cept where the structure crosses 
railroads and city streets. At these 
locations span lengths were deter- 
mined by clearance requirements. 

To reduce the number of columns 
to a minimum and to produce good 
esthetic qualities, the bent supports 
for the steel superstructure are fabri- 
cated of structural steel. These 
bents have one, two, or three col- 
umns. There are a few single-col- 
umn, channel-shaped bents. 

Preliminary studies and designs 
which were started in the summer of 
1950 by the Bridge Department of the 
California Division of Highways indi- 
cated that a structural steel design 
would be the most satisfactory for 
two reasons: 


1. Structural steel was found to be the 
most economical because its light weight 
would considerably reduce the cost of the 
foundations, which are to be supported 
on piles up to 90 ft long. 

2. Because of the many railroad and 
busy city street crossings, it was desir- 
able to eliminate the need for falsework. 


The choice between riveted and 
welded structural steel was made 
both for esthetic and economical rea- 
sons. For instance, most of the spans 
were in the 50- to 60-ft range, which 
called for rolled-beam _ sections. 
Where longer spans were needed be- 
cause of clearance requirements, it 
was desirable to maintain the same 
rolled-beam appearance and to pro- 
vide for the longer spans without too 
much increase in the depth of the 
beams. This result could best be 
obtained by welding. From _ the 
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standpoint of economy, welding ap- 
peared to have the edge over riveting 
for several reasons. 

First, the beams were made com- 
posite with the concrete floor slab, 
which required welding of the shear 
connectors. In addition, the chang- 
ing roadway widths, skews, and 
curved alignment made welding of 
the secondary connections for dia- 
phragms and stiffeners more desir- 
able. Since a considerable amount of 
welding would be required in any 
event, it would be reasonable to go 
one step further and make the inter- 
change an all-welded structure, thus 
conserving steel. For the built-up 
girder sections, the saving in steel 
amounted to 15 to 20 percent be- 
cause of the saving in net section and 
the more efficient placing of steel to 
provide the necessary moment of 
inertia. 

A further saving in structural steel 
was noted in the design of the caps 
and columns, amounting to 20 to 24 
percent in the heavy steel caps, and 
to 12 to 15 percent in the columns. 

The structure was designed for 
H20-S16 live load in accordance with 
the bridge design specifications of the 
American Association of State High- 
way Officials. Working stresses were 
1,000 psi for concrete, 20,000 psi for 
intermediate-grade reinforcing steel, 
and 18,000 psi for tension in struc- 
tural steel. However, in the final 
design for Unit 1 there was one ex- 
ception to these working stresses. 
Plates thicker than 1'/, in. had a re- 
duced working stress of 15,000 psi, 
as explained later in this article, 
under the discussion of specifications. 
In the remaining units of the project 
working stress for steel remained at 
18,000 psi for all thicknesses. 

The welded details were made to 
conform to the Specifications for 


CIVIL ENGINEERING @ September 1952 











Freeway and Division Street Interchange structure are superimposed on aerial vie 
San Francisco, which faces almost due north toward heart of business district. Viac 
connects with San Francisco-Oakland Bay Bridge, shown in upper right-hand cor 








FIG. 1, 
curved alignments with superelevations are features of Division Street Interchai 








0 400 800 1200 | 
eae 


Scale in feet 


Changing roadway widths at ‘“‘on’”’ and “off’’ ramps, sharp skews, 





Welded Highway and _ Railway 
Bridges of the American Welding 
Society (AWS). 

The spans are all simply supported 
and made composite with the rein- 
forced-concrete roadway slab. The 
composite action considerably re- 
duced the size of beam required, 
and in addition increased the stiff- 
ness against live-load deflection. 
Rolled beams 36 in. deep are used 
for some spans up to 85 ft. Cover 
plates are welded to the lower flanges 
of the rolled beams for spans from 
70 to 85 ft. 

Composite welded girders are used 
for all spars from 85 ft to the maxi- 





mum of 117 ft. These girders are of 
standard three-plate design, with 
flange plates welded to the web plate. 
Web stiffeners are plates welded to 
the web with continuous fillet. welds. 
Stiffeners are omitted from the out- 
side face of exterior girders to retain 
the same smooth surface appearance 
as the rolled beams. The web plates 
of the welded girders are kept at a 
minimum depth so as to avoid too 
great a change from the shorter 
rolled-beam spans to the longer 
welded girder spans. Web plates 
vary from 42 X 3/s to 54 X #/s in., 
and flange plates from 12 X */, to 
22 x 2! 'e in. 
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Because the adjacent property 
owners always object a great deal to 
overhead construction within a metro- 
politan area, the number of columns 
and the appearance of the bent sup 
ports are most important. Therefore, 
in the design of the structure there 
was a definite attempt to reduce the 
number of columns to a minimum 
within practicable limits, and to make 
the supporting bents as attractive as 
possible. 

Ramps carrying four or more lanes 
of traffic are supported by bents 
with two or three columns. T-shaped 
single-column bents are used for most 
of the two-lane and three-lane road 

ways, and in some instances for four 

lane roadways. The T-bents proved 
very effective in crossing many of the 
streets and out ramps without re 

sorting to the skewed spans which 
are usually quite objectionable not 
only from the design standpoint but 
also from that of esthetics. 

At some locations, where sharply 

curved ramps cross over other parts 
of the structure, it was found that 
bents with heavy outriggers, or 
single-column bents with eccentri 

cally loaded columns, would be re 

quired. Because of the unfavorable 
appearance of outrigger construction, 
a channel-shaped bent was chosen 
(Fig. 2). 

On the westerly leg of the struc 

ture, which extends toward the 
Golden Gate Bridge, the upper deck 

is composed of two 36-ft roadways 


with a median strip. Below the 
upper deck is Thirteenth Street, 
Below 
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various parts of structure 
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Architectural sketch of Division 
Street Interchange shows its general loca- 
Close-up sketches give details of 





which will be preserved as a city 
street. The bents for this part of 
the interchange (Units 2 and 4) 
are composed of three columns. Col- 
umn sections for the two- and three- 
column bents and T-bents are some 
what similar in makeup to the one 
shown in Fig. 2. Web plates for the 
different column sizes vary in width 
from 36 in. to 120 in., depending on 
column height, and magnitude and 
eccentricity of load. 

The makeup for the various col- 
umn sections was given considerable 
study from both the esthetic and 
fabricating standpoints. Preliminary 
designs were discussed with welding 
interests to determine the practicabil 
ity of welding. Reviews were also 
made by the leading fabricators on 
the Pacific Coast to determine the 
most satisfactory makeup from a 
fabricating standpoint. 

No special difficulties have arisen 
so far. However a few points are 
worthy of consideration on future 
projects and on the remaining units of 
this project. They are: 


1. The 36- X */s-in. web plates of the 
two-column bent section, although satis 
factory from a design standpoint, could 
have been heavier to impart greater stiff 
ness for handling during fabrication 

2. Because the 6-, 8-, and 12-in. side 
plates of the columns were welded off 
center, they warped. Such plates must 
therefore be cambered the correct amount 
before welding or straightened after 
welding. Built-up welded designs should 
maintain as much symmetry as possible 


ENTRAL COLUMN COLUMNS ALONG 


13th STREET 


Right: 
used instead of unsightly outriggers to make 
interchange structure attractive esthetically 
Typical details are shown 





in welding about each piece, but it is 
realized that this is not always possible 

3. Columns and caps must be shipped 
to the job separately and welded together: 
in the field during erection. Since the 
6-, 8-, and 12-in. side plates of the column 
sections extend up to and engage the cap, 
the upper end of the column will be some 
what vulnerable to damage during ship 
ping. The Bethlehem Pacific Cceast Steel 
Co. is therefore providing temporary dia 
phragms and blocking to protect the top 
members of the columns 


The welding of caps to the columns 
is practically the only field welding 
specified in the design. Because 
welding conditions in the shop are so 
much more favorable for reliable 
welds, a definite attempt was made 
throughout the design to avoid the 
necessity of field welding. 

At the various footing locations, 
concrete, steel, and timber piles oi 
various types will be used, depending 
on length and soil conditions. Sui 
ficient piles of each type will be test 
loaded to insure the following design 
load capacities 


DrsiGNn Loat 

Treated timber, 14-in. minimum 

butt . 24 tor 
Treated timber, 13-in. minimum 

butt . “_ 22 ton 
Composite concrete and timber 24 ton 
10-in. standard steel pipe, concrete 

filled . ° 46 tor 
15'/:-in. cast-in-place steel-shell con 

crete piles 46 tor 
16-in. precast concrete piles 46 ton 
10-in. steel H-piles 37 ton 
12-in. steel H-piles 46.75 ton 


Table I shows the approximate 
amounts of steel required and the ap 


Fig. 2. Channel-shaped bents were 
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proximate cost for the six units of the 
project. 


Specifications 


The preparation of a set of specifi- 
cations for the economical construc- 
tion of major bridges using all- 
welded structural steel is far from a 
routine procedure. For instance, the 
American Society of Testing Mate 
rials (ASTM) is still working on the 
problem of a special structural steel 
completely suitable for welding. 
Standard dimensional tolerances have 
not been established for beams and 
columns fabricated by welding. The 
conditions under which it is necessary 
to preheat and postheat have not been 
definitely established Standard 
methods of shop inspection and labo 
ratory testing are still in the forma 
tive stage. 

Welding is an important part of the 
science of metallurgy and should be 
so considered when used in the de 
sign of structures. It is therefore es 
sential that the structural engineer 
be familiar with that part of metal 
lurgy which deals with the properties 
of metals as they are heated. Since 
all is not yet known about the metal 
lurgy of welding, it may be neces- 
sary for the engineer in his design to 
compromise between the ideal mate 
rials and procedures and the mate 
rials and procedures that are eco 
nomically available. 

During the welding process the 
steel is heated to approximately 2,800 
deg F. Then the rapid quenching by 
the colder metal near the area of the 


Tight fit 





Approximate Cost and Amount of Steel Required for Division 


Street Interchange, San Francisco, Calif. 


TABLE I. 
Bip 
Untt DATE CONTRACTOR F ABRICATOR 
1 6/13/51 Chas. L. Har Bethlehem Pa 
ney, Inc., San cific Coast 
Francisco Steel Co 
Bayshore 3/12/52 Fredrickson & Judson Pacific 
Freeway * Watson Murphy 
M. & K. Corp Corp 
2 2/13/52 Chas. L. Har- 
ney, Inc 
3 5/14/52 Guy F. Atkin Judson Pacific 
son Co Murphy 
Corp 
4 7/2/52 Chas. I Har 
ney, Inc 
5 1953 
6 1953 


* One bridge, three-pedestrian outer crossing 
t Specifications allow 36-in 
from 2,600 to 5,800 tons 


rolled beams to be fabricated by three 


APPROXI TONS OF 
MATE Struc TONS OF Unit Bip,t 
Cos1 TURAL WELDED PRICE PER 
or Uni STEEI Pirates Ls or STEER! 
$3 044 750 4 8&5 1,550 0 182 
$1,386 350 325 265 0. 170 


$ 458,100 Substructure contract 


No structural steel 


$2,987 000 6,100 2. 600t 0.131 
$2 .¥11 364 6, 800 1,710 0.131 
$6,250,000 6,200 1,900 
= 900,000 1.775 570 


welded plates, which could ratse 


} Unit price per pound of structural steel includes special steel and A7 steel, but does not include sand 


blasting or painting 





weld hardens or embrittles the steel 
as it cools, depending on chemical 
composition and rate of cooling. 
Most recent literature and _ tests 
point to the fact that this embrittle 
ment is the most important charac 
teristic to begguarded against in pre 
paring specifications. 

Embrittlement is discussed in 
terms of notch sensitivity or transi 
tion temperature. Each type of 
steel has a certain transition tem 
perature at which it changes from a 








Section through 
grillage 


Sb 
i/g ¥ 


ductile, highly impact-resistant mate- 
rial to a more brittle, less impact 
resistant material. This transition 
temperature is determined by making 
V-notch Charpy, and other tests 
under various temperatures until the 
temperature at which there is a de- 
cided drop in impact resistance, or 
energy absorption, is determined. 

It is generally believed that the 
area near the weld which tends to 
become brittle is the critical section. 
Every effort should therefore be 
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made to select proper steels and to 
adopt such preheating and cooling 
processes as will avoid this embrittle 
ment. Although this theory seems 
to be the general trend of most of 
the thinking today, there is still the 
possibility that cracks are initiated 
in the weld metal, 

Since the design required the use of 
heavy plates for the built-up girders, 
columns, column caps, and grillages, 
it was apparent that structural steel 
under the ASTM A7 specification 
would not be entirely satisfactory. 
Therefore, a series of discussions was 
held with the metallurgical and mill 
authorities of the major steel com- 
panies, and with the best informed 
men of the welding industry, to 
work out a satisfactory specification 


for the chemical and physical proper- 
ties of the steel for the thick plates, 
and also to decide on the proper 
amountof preheating and postheating. 

The problem seemed to be some- 
what complicated because of the re- 
strictions on steel and the critical 
shortages of such elements as alumi- 
num, chromium, vanadium, and 
nickel which are used to produce weld- 
able steels with desirable strengths 
and good impact resistances at low 
temperatures. Some of the existing 
steels considered were: American 
Bureau of Shipping steel for hulls, 
ASTM A242 low-alloy structural steel, 
ASTM A201, ASTM A284, and 
ASTM A285. 

Because the plate for this project 
was as much as 2'/, in. thick, and 





TABLE Il. 


Chemical and Physical Specifications for 


Plates Only (Ladle Analysis) 


Ire ro 


Chemical Requirement 
Carbon, max 
Manganese, “; 
Phosphorus, max 
Sulfur, max. % 
Silicon, ‘ 


Physical Requirements 


Tensile strength, psi 








8 000-75, 000 


Vield, psi 32,000 
Elongation in 8in., min. © 21 
Elongation in 2in., min. ‘ 

* For material over sin. to 2 in 


from the percentage of elongation in 8 in 
in. of the specified thickness of */4 in 


made for each increase of ' 
mum of 19 percent 


I'uickNeEss* 


Over > In 

to 1 In. Incl Over 1 In 
0.25 0.25 

0. 50-0. 90 1.15 max 
0.04 0.04 
0.05 0.05 


0.15 te 0.30 


58 .000-75,.000 58,000-75,000 


$2,000 32.000 
21 21 
23 23 


inclusive, in thickness, a deduction 
specified of 0.25 percent shall be 


to a mini- 





TABLE Hil. 


Recommended Welding Procedures for A7 Steel of Various 


Thicknesses and Carbon Contents* 


(Numbered methods are described below) 


CARBON CONTENT 


Below 0.25% by check analy 


sis e l 
Between 0.26 and 0.30% (1 
Bet ween 0.31 and 0.35% (2) 
(1) No preheat, postheat, or special treatment 
(2 100 preheat and interpass temperature 
Stress relief at 1,100° F optional; 
or 
Exx 15-16 electrodes. No welding below 


10°. Stress relief optional 


(3) Exx 15-16 electrodes—no welding below 10 
Stress relief optional 
or 
200° preheat and 
Stress relief at 1,100 


interpass 
optional 


temperature 


4) 200° preheat and interpass 
Stress relief at 1,100° optional 


temperature 


* From Monograph on Weldability, Welding Research Council 


Bureau of Public Roads) 


184 (Vol. p. 768) 


to 1 In. Incl 


PLATE THICKNESS 


Over 1 to 2 In, Incl Over 2 to 4 In. Incl 


1) (2) 4) or(5) 
2) (3) (5) 
3) (5 (6) 
5) 100° minimum preheat and interpass tempera- 


ture with Exx 15-16 electrodes. Stress relief 
optional 

or 
preheat without Exx 15-16 electrodes 
Peening 


300 
Stress relief optional in both cases 
may be required. 


6) 200° preheat and interpass temperature with 
Exx 15-16 electrodes; 
or 


300° preheat without Exx 15-16 electrodes 
both. Stress relief optional. Peening may be 
required 


(summarized by Sacramento Office of 


a yield point of 33,000 psi was de 
sired, some of these steels did not 
seem acceptable. 

In any event Unit 1 of this proj 
ect was finally advertised with the 
following specifications for structural 
steel: 


Specifications for Structural Steel 


Bars and shapes, and plates 1'/; in. and 
less in thickness, shall be structural steel 
conforming to the specifications of ASTM 
designation A7-49T. 

Plates greater than 1'/, in. in thickness 
shall be steel made by either or both of the 
following processes: open hearth or elec 
tric furnace. The steel shall conform to the 
following requirements for chemical com 
position, as evidenced by the specific ladle 
and check analysis: 


ELEMENT LADLE CHECK 
Carbon, max. “% ; 0.29 +-0.04 
Manganese, 0.60 to 0.90 +0.04 
Phosphorus, max. % . 0.04 +0.01 
Suifur, max. 0.05 +0.01 
Silicon, “% 0.15 to 0.30 : +0.03 

+O0.02 


The material, as represented by test 
specimens, shall conform to the following 


requirements as to tensile properties: 


Tensile strength, psi . 55,000 to 65, 000 
Yield point, min. psi . ° 27 ,000 
Elongation in 8 in., min. “% , 21 


The bending properties, as represented 
by test specimens, and the number of tests 
shall conform to the requirements specified 
for structural steel, ASTM A7-49T. 

The grain size shall be 5 to 8 in accordance 
with ASTM specifications, E19-46. 

All structural steel may be flame cut pro 
vided a mechanical guide is used and 
smooth surfaces are obtained. Edge plan 
ing will not be required 

All welding shall conform to the requir« 
ments of the Standard Specifications for 
Welded Highway and Railway Bridges of 
the AWS dated 1947, except as modified 
herein 

All welding shall be performed either by 
the submerged-arc process or with low 
hydrogen electrodes, with the exception 
that when welding material less than 1 in 
in thickness to other material less than | 
in. in thickness, electrodes conforming to 
Section 4, article 401 of the AWS specifica 
tions, may be used for low-hydrogen elec 
trodes. 

Low-hydrogen electrodes shall conform 
to the requirements of the Military Speci 
fications for Electrodes (mineral covered, 
low hydrogen), for welding medium-alloy 
steels, MIL-4-986 (ships) grade 180, dated 
November 1, 1949. 

Special precautions shall be taken when 
welding in cold weather to avoid undue 
chilling of weld metal within the zone of 
welding influence. 

The welding technique to be followed in 
connection with the welding of built-up 
members of heavy section shall be qualified 
by test before being admitted for use. 

In lieu of provisions of Section 6, sub 
section 604, article (f) of AWS specifica 
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tions, specifying temperatures of con- 
tiguous areas to be not less than 130 deg F, 
when welding members of heavy section, 
the temperature of contiguous areas about a 
welding operation shall be substantially 
equal and not less than 300 deg F. 

Furnace stress-relieving of built-up mem- 
bers (girders, caps, and columns), where 
material over 2 in. in thickness is welded to 
material of half its thickness or less, as 
specified under Section 6, subsection 604, 
article (g) of the AWS specifications, will not 
be required. Furnace stress-relieving of col- 
umn bases, where so shown on the plans, 
will be required. 

All welds shall be subjected to non- 
destructive testing by the engineer. Such 
non-destructive testing will be performed 
without cost to the contractor. 

Fabrication tolerances for built-up girders 
and caps shall not be more than 50 percent 
greater than the American Institute of 
Steel Construction (AISC) tolerances for 
WF shapes, and the tolerances for built-up 
columns shall not be more than 50 percent 
greater than the AISC tolerances for the 
WF shapes specified for columns 


After Unit 1 was advertised under 
these specifications, requiring plates 
over 1'/, in, thick to have a yield 
point of 27,500 psi, such plates were 
redesigned to reduce the working 
stress to 15,000 psi. There were for- 
tunately only 200 tons of plates over 
this thickness out of the total of 
4,885 tons in Unit 1. 

Study of welding specifications con- 
tinued after the award of this con- 
tract. R. W. Binder, A. M. ASCE, 
chief engineer of the Bethlehem Pa- 
cific Coast Steel Corp. in Los Angeles 
(which has the subcontract for fab- 
ricating the steel for Unit 1), co- 
operated in the study. Data from 
the Bureau of Standards and the 
Battelle Institute were furnished by 
Eric L. Erickson of the Bureau of 
Public Roads. As the result of dis- 
cussions with the Bethlehem Pacific 
Coast Steel Corp., Mr. Erickson 
called a conference in Washington, 


D.C., of the following persons: 
Jonathan Jones, Hon. M. ASCE, 
Chief Engineer, Fabricated Steel 


Construction, and W. Paul Gerhart, 
Chief Metallurgist, Bethlehem Steel 
Co.; Earl H. Davidson, Metallurgical 
Engineer, and Stewart Magee, Repre- 
sentative, U. S. Steel Co.; and Ray- 
mond Archibald and Nathan W. Mor- 
gan, Members, ASCE, respectively 
Bridge Consultant and Principal 
Highway Bridge Engineer, Bureau of 
Public Roads. 

As a result of this conference it was 
decided that there was objection to 
specifying fine-grain steel (because of 
the present difficulty in obtaining 
aluminum) and steel having less than 
0.25 percent carbon by ladle analysis. 
It was also stated that under present 
conditions a specification calling for 


normalizing was impractical. Chemi- 
cal and physical specifications were 
proposed for consideration and are 
given in Table II. 

Mr. Erickson recommended con- 
sideration of Navy Specification HT 
steel because of its higher yield point 
and good weldability. Under existing 
conditions, however, it was considered 
inadvisable to specify steel alloyed with 
restricted metals, in the specifications 
for the next unit to be contracted. 
The specifications for the next four 
units were therefore revised to the 
chemical and physical requirements 
given in Table II for plates only and 
for A7 steel for rolled beams. 

A copy of a ““Monograph on Weld- 
ability’ (marked subject to revision), 
prepared under the auspices of the 
Welding Research Council, was re- 
ceived for tentative consideration 
(Table III). It will be noted that 
the required preheating temperatures 
are of the same order as the 130 deg F 
currently specified by the AWS but 
that these temperatures now vary 
with the thickness and carbon con- 
tent. In view of these proposals the 
requirement for Unit 1 of a minimum 
preheat temperature of 300 deg F is 
conservative. On the other hand, 
some of the information on welding 
seems to indicate that a minimum 
temperature of 400 deg F has special 
significance. Table IV gives chemi- 
cal, physical, and heat-treatment re- 
quirements for plates. 

There is apparent agreement that 
the submerged-are process and the 


use of low-hydrogen rods are the best 
practices known at the present time 
for welding and should be required. 
If the proposals are correct, A7 
steel of any thickness and carbon 
content, up to 0.35 percent maximum, 
can be welded safely with a mini- 
mum 200 deg F preheat and inter- 
pass temperature. This conclusion 
seems contrary to opinions expressed 
by many metallurgists, some of whom 
have stated that steel with over 0.25 
percent carbon is not safe for welding 
heavy structural members. 


Shop Inspection 

As stated previously, shop inspec- 
tion practices for welding have not 
yet been as well established as those 
for riveting. For this reason proper 
shop inspection is one of the most im- 
portant phases to be considered by 
the structural engineer if welded con- 
struction is to advance as it should. 

For this project inspection at the 
eastern rolling mill is being carried 
out by a consulting commercial test- 
ing laboratory in much the same way 
as for a riveted job. The A7 steel 
is subject to normal mill inspection 
and physical tests. The special steel 
for plates more than 1'/, in. thick is 
subject to chemical check analysis 
and also to grain-size determination. 
The grain size is classified by the 
McQuaid-Ehn test. All testing and 
inspection of the steel are subject to 
the general requirements of ASTM 
specification A6. As is usual in 

(Continued on page 238) 





TABLE IV. Chemical,* Physical, and Heat-Treatment Requirements for Plates 


(Specifications for Units 5 and 6 not yet prepared) 


BAYSHORE 


Unit 1 Freewayt Unit 2¢ Unit 3 Unit 4 
PLATE THICKNESS-> Over 1'/2” Over 1” Over 1” Over 1” 
Carbon, max. % . + ws ‘ 0.29 0.25 0.25 0.25 
Manganese, max. “0. 0.60 to 
0.90 1.15 max 1.15 max 1.15 max 
Phosphorns, max.“ ... . , 0.04 0.04 ‘ 0.04 0.04 
Sulfur, max. % ° . * . « 0.04 0.05 0.05 0.05 
Silicon, %.... be ee 0.15 to 0.15 to 0.15 to 0.15 to 
0.30 0.30 : 0.30 0.30 
Grain size . . —_ a ‘ 5.0 to Not speci- Not speci- Not speci- 
8.0 fied fied fied 
| ee ee ee 55,000 to 58 ,000 to 58 ,000 to 58 ,000 to 
65,000 75,000 75,000 75,000 
Yield point, min. psi. ....... : 27 , 500 32,000 32,000 32,000 
Elongation in 8in., min.“ ...... 21 21 21 21 
Elongation in 2 in., min, % 23 . 23 23 
Brinell hardness of heat-affected zone 190 190 190 190 
Heat treatment Over 1'/s Over 1'/:” Over 2” Over 2” 
300° F 300° F 100° F 100° F 
Working stress, psi 15,000 18,000 18,000 18,000 





*Chemical composition shown is for ladle analysis 
t+ One bridge, three-pedestrian outer crossing. 
¢t Substructure only; no structural steel. 
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DIVISION: STREET INTERCHANGE, SAN FRANCISCO 





Sequence and continuity mark 


Structural steel fabricators with ade 
quate and competent organizations 
have always assumed the responsibil 
ity for studying the latest develop- 
ments in connection with design and 
fabrication of steel structures. In 
cluded in their personnel are engi 
neers whose task it is to view each 
job from the standpoint of sound 
engineering. As new developments 
take place, as new methods are 
proposed and used, these engineers 
have the obligation of evaluating 
them. Progress in the fabricating 
field has been made by carefully an 
alyzing the results and by inte 
grating successful methods into cur 
rent engineering practice. Just as 
with other new developments, this 
procedure has been applied to the 
introduction of welding into the field 
of fabrication. 

In 1925, at the time the Los Angeles 
(Calif.) City Hall was fabricated and 
erected, all major structures were 
riveted. During the next few years 
welding was used to perform certain 
functions in the shop—tack welding 
during the fit-up of assembly pieces 
and the welding of nominally stressed 
details as well as the fabrication of 
bases, mud tanks, and skids for the 
oil industry. In 1930, an all-welded 
steel frame was fabricated and erected 
for the Southern California Tele 
phone Co. in Whitewater, Calif. 

The Kern River Bridge, completed 
in 1941, was the first highway bridge 
designed by the California State 
Highway Bridge Department employ 
ing welds to carry calculated stresses 
This bridge is 1,342 feet long and is 
made up of twenty-two 61-ft con 
tinuous steel stringers (in approxi 


186 (Vol. p. 770) 


mately 300- to 400-ft lengths), using 
three lines of 33-in. wide-flange beams 
with shear connectors for composite 
action of the 7-in. reinforced-concrete 
roadway slab. Short-length cover 
plates, 10 X °/s in., were welded 
with */s-in. intermittent welds to the 
bottom flange of the girders at the 
supports. Bar stiffeners were welded 
to top and bottom flanges and to the 
web with */s-in. intermittent welds. 
The ends of the covers were tapered 
to a blunt end in a relatively short 
distance. The shear connector used 
was a 2- X °*/s-in. bar welded in a 
vertical position at spacings varying 
from 6 in. to | ft 6 in. Field splices 
of the wide-flange shapes were made 
13 ft from each pier (at points of 
minimum moment) by butt welds. 
Because of experience reported from 
Germany in connection with butt 
welded splices for other than rec 
tangular shapes, the California State 
Highway Bridge Department has 
made periodic inspections of these 
joints, and to date such inspection 
has failed to disclose any visible crack 
ing of welds. 

After 1941, numerous simple-span 
wide-flange stringer-beam bridges 
were welded. The welded details 
which were used for these spans have 
changed but little over the years and 
are now accepted as a very satis- 
factory solution for spans of moderate 
length. For somewhat longer spans, 
wide-flange beams with bottom cover 
plates (when necessary), and shear 
connectors for composite action with 
the reinforced-concrete roadway slab, 
have come into more extensive use. 

In 1950 an all-welded bridge of 
battle-deck floor construction with 


asphalt surfacing was erected across 
Smoky Gulch near Indio, Calif. 
The bridge, 28 ft wide and 22s ft 
long, was made up of 48 prefabri 
cated panels, 7 ft 0 in. by 19 ft 0 in 
each, supported on existing timber 
bents. Each panel was made up of a 
7/-in. deck plate, welded to two 10 
in. fascia channels and three 10-in. 
wide-flange stringers. The panels, 
weighing approximately 2.5 tons, 
were lifted into place in the field by a 
truck crane. Adjacent 10-in. fascia 
channels were bolted together to 
complete the bridge superstructure, 
except for hand railing and asphalt 
surfacing. 

Current fabrication on the Division 
Street Interchange project, in addi 
tion to the viaduct, includes spans 
made up of wide-flange beams and 
welded plate girders, as well as a ver) 
interesting all-welded pedestrian over 
crossing. 

From the few examples which have 
been cited it can be seen that the 
use of welding for highway bridges in 
recent years has become more com 
mon in steel fabrication. It should 
be noted, however, that rigid-fram« 
construction, with its many complex 
fatigue problems, is not involved in 
these jobs. As welding has been pro 
gressing, designers and fabricators 
who have followed its development 
through experience and the very ex 
tensive research on weldability recog 
nize that a number of debatable and 
unsolved problems still exist. 

The fabrication of the all-welded 
viaduct on the Division Street Inter 
change in San Francisco is the latest 
step forward. The particular part ol 
the interchange with which this 
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modern welding practice 


article deals is the ‘Ninth and Tenth 
Street Connection,’ which is a viaduct 
with on and off ramps providiag im- 
mediate access to the completed sec- 
tion of the Bayshore Freeway to the 
south. The Ninth and Tenth Street 
Connection is a very complex sys- 
tem of ramps and levels involving 
skew connections, changing grades 
(with accompanying vertical curves), 
and horizontal curves. To appreciate 
the complexity of the structure, one 
should note that more than three 
hundred 24- X 36-in. sheets of detail 
drawings and calculations were re- 
quired in excess of the number of 
design drawings supplied by the 
State of California. 

This viaduct was designed from the 
start as an all-welded steel structure, 
other materials or methods having 
been ruled out because of weight, 
clearance, and esthetic considerations. 
Since the structure was designed for 
welding, it is not the intent of this 
article to discuss the relative economy 
of using any other method of fabrica 
tion, and therefore no direct compari 
sons will be made. The design is an 
intelligent, thoroughly competent, 
and well thought out plan which con 
siders, in so far as practical, certain 
requirements imposed by welded fab 
rication, such as proper selection of 
material and electrodes, mill and fab 
rication tolerances, control of distor 
tion and shrinkage stresses, reduction 
of cooling effects, simplicity of detail 
and erection. 

The interchange superstructure can 
be considered in two separate parts: 


The longitudinal deck structure 
consisting of the concrete deck slab sup 
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ported by longitudinal steel beams and 
girders 

2. Transverse steel bents consisting 
of transverse carrying girders and one or 
two column legs with a steel grillage base 
which is incased in concrete 


The longitudinal deck, except for 
the design considerations previously 
stated, could have been supported by 
timber or concrete piers or bents 
inasmuch as it acts independently 
as a series of simple spans with one 
end providing for expansion and the 
other end being fixed to the support- 
ing bent by welding after the steel 
dead-load deflection has taken place. 

For the utmost economy and suit- 
ability, the bent spacing, in so far as 
practical, was held to under 60 ft 
to take advantage of rolled beam 
sections. There are some spans 
between 60 and 85 ft, and here the 
wide-flange beams have cover plates 
welded to the bottom flange. The 
cover plates are generally about three- 
quarters of the span length and are 
continuously welded by the semi- 
automatic process, Fig. 1(q). 

The typical spans have 36-in. wide- 
flange beams, spaced at 8 ft 8 in. 
center to center, which act with the 
7-in. reinforced-concrete deck slab 
through 4- X 1-in. bars welded to the 
top flange, Fig. 1(6). To assist in 
lining up the longitudinal stringers 
during erection, 18-in. channel dia- 
phragms are placed at approximately 
the third points of the span. The 
diaphragms are connected to bars 
(shop welded to the beams) with two 
bolts at each end to facilitate erec- 
tion, and are subsequently field 
welded. 





The shear bar connectors and their 
welding are important design con- 
siderations, as the amount of slip 
which can take place between the 
concrete slab and the steel beams is 
dependent on these connectors. In the 
past, many types of connectors have 
been fabricated, including channels, 
angles, tees, and vertical bars. For 
this project the shear connectors are 
novel. They are 4- X 1-in. bars with 
their bottom edge cut to a 1 to 4 
bevel and positioned with the bars 
inclined toward the point of maxi- 
mum positive moment, in this 
case the center of the span. The 
shear connectors are welded to the 
top flange with */\.-in. continuous 
fillet welds made by the semi-auto 
matic process. Any negative camber 
which may result from welding is off 
set by inspecting the beams before 
welding and turning them to take 
advantage of the existing rolled-in 
camber. The maximum longitudinal 
spacing of the shear connectors is 
held to 24 in. The longitudinal 
shrinkage in the length of beam flange 
due to the large number of transverse 
welds, although of minor importance 
considering that all other details can 
be accurately welded into position 
after the shear connectors are welded, 
was held to a minimum as a result of 
the welding procedure used. For- 
tunately, the bars on the top flange 
do not affect the erection, as no over 
head erection equipment is contem- 
plated. 

Longitudinal stringers of 91- and 
94-ft span are welded girders 42 in. 
deep, and the 106-ft spans are 48 in. 
deep. These girders are made up in 
three sections with the flanges from 
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FIG. 2. Longitudinal girders are made up in three sections with flanges from 15 to 22 in. wide and from */; to 2'/, in. thick. 





FIG. 3. Transverse cap girders are similar in makeup to longitudinal 
girders except that cantilever sections have sloping bottom flanges. 
Stiffened beam seats take beam reactions on each side of web. 























15 to 22 in. wide and from */, to 
2'/. in. thick (Fig. 2). 
Shop Welding 

The general method of shop fabrica- 
tion for individual sections is more or 
less conventional in that flanges and 
web sections are assembled by tack 
welds and held in place by fixtures for 
automatic or semi-automatic welding 
along the web-flange joints. Stiff 


,  eners are fitted to the tension flange 
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(without a weld), then welded to the 
web with '/,-in. fillet welds and to the 
compression flange with an '/;-in 
seal weld. 

The welding of three plates to make 
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(a), FIG. 4. Shop splices of webs of transverse Bottom flange 
pam girders are completed before assembly of 
by girders is started. This permits free ex- 
ors, pansion and contraction, and helps elimin- 
>ac- ate residual stresses. Completed cap girder, 
rom shown in photo, has stiffened beam seats 
om- welded to correct elevations to take beam Section F—F ontin O08 
reactions on each side of web. for stiffeners for beam seats Weld I Weld II 
- 5 Weld I 24x 3g or 42" 
€ 4to2" 
* }e 
? i? Weld IT _ 6x34 to 20 
h -q I Flange assembly C 
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Web assembly B 








kc. FIG. 5. Each column is built up of five 
separate subassemblies, two base members, \ 
two flange members, and one web piece. 
- Photo shows web assembly in holding device } 
for welding longitudinal split tees. q 
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Typical column 
a girder section furnishes an excellent 
oO opportunity to study, for fabrication 
purposes, the bowing and distortion 
caused by shrinkage. Longitudinal 
shrinkage of the web-flange welds 


: contributes to the bowing of the 
ir girder. Bottom-flange welds tend to 
d create a positive camber. Top-flange 
kK welds give a negative camber. The 
r magnitude of camber and the tend- 
~ ency toward cracking of welds are 

tied into the heat input and cooling 
eC rate, which in part are affected by 


Subassemblies “B’’ and “C” are fitted to 
gether, tack welded, and held in fixture of 
pipe jacks for final welding. 
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the following nine factors: (1) manual 
welding versus the submerged-arc 
process; (2) size of bead; (3) num 
ber of beads; (4) preheating; (5) 
welding sequence; (6) design (which 
may involve all the foregoing factors) ; 
(7) contour of beads; (8) fit-up; and 
(9) conditioning and type of elec 
trode. 

A knowledge of these factors is 
important to the fabricator who de 
sires to avoid cracking of welds and 
to hold the section straight in order 
to avoid special corrective measures 
in the shop should the section be out 
of line. Transverse shrinkage of web 
to-flange welds contributes to the dis 
tortion of the flanges. In the heavier 
flanges, as on this project, little dis 
tortion takes place. However, for 
thin material, fabricators generally 
precamber the flanges so that they 
will come into line during welding. 
rhe transverse stiffeners, tack-welded 
to the web, will act as strongbacks to 
keep the web from buckling. In 
many cases the sequence of stiffener 
welding will be an important factor 
in helping to keep the section straight 
or in nullifying previous negative 
camber. 

For ease in handling, the long 
girders will be made up in three sepa 
rate sections before final assembly. 
The main girder splices will be at 
points where flange plates change in 
thickness. Because heavy flanges 
(up to 2'/; in.) are to be spliced, spe 
cial treatment is necessary to mini 
mize shrinkage and any tendency to 
crack. In general, the shrinkage 
forces will occur because of an im 
proper welding sequence or differ 
ences in shrinkage between light web 
splice welds and heavy-flange butt 
welds or a combination of both. A 
correctly chosen sequence and tech 
nique can go a long way toward min 
imizing such forces. However, in 
addition, a suitable arrangement 
should be selected to provide free 
movement of girders while welding. 

Investigations on heavy highway 
plate-girder splices in Germany have 
revealed that, where possible, in order 
to keep ‘“‘locked-up stresses’ to a 
minimum, flange and web-splice welds 
should be made simultaneously with 
welding, beginning in the root of the 
flange splices and then proceeding 
to the web splices very soon there 
after. Usually this means employing 
several welders so that the root layers 
will not be allowed to cool first, thus 
resulting in cracking. This proce 
dure helps to prevent web-flange re 
straint, although warping of flanges 
may still occur. 

With the web vertical, the girder 
supported, and the splice free of any 
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dead-load moment, two welders may 
be used to perform the following 
operations: 


1. To fit up the splice, maintaining a 
minimum root opening of approximately 
'/,in., then to tack weld the web securely. 

2. To weld the flanges so that the butt 
joints are approximately 50 percent com 
plete. 

3. To complete the web-plate welds, 
keeping the welds balanced. 

1. To complete the flange welds, at 
the same time as the web welds, in so far 
as practicable. 

5. To weld the free ends of the webs 
to the flanges. 


Transverse Bents 

The transverse steel bents are one 
legged or two-legged column bents 
consisting of built-up plate columns 
and plate-girder column caps which 
carry the end reaction of the longi- 
tudinal beams. Unusual and striking 
in appearance, some of these single- 
column bents rise 60 ft above ground 
level. 

The transverse cap girders (Fig. 3) 
are similar in makeup to the longi- 
tudinal girders except that the canti- 
lever sections have sloping bottom 
flanges. In addition, these members 
have stiffened beam seats welded at 
correct elevations to take the beam 
reactions on each side of the web. 


Sequence of Welds 

The cap-girder stiffeners are field 
welded to the column flange bars 
which extend upward for the depth of 
the girder. Two fit-up holes are pro- 
vided in an angle clip at each bar so 
that, when the girder is set on top of 
the column, eight bolts at each col 
umn will hold it in place during weld 
ing. 

The shop welding sequence for 
these cap girders (Fig. 4) is sub- 
stantially as follows: The bottom- 
flange plates are 1'/,-in.-thick ma- 
terial. However, since plates ‘“A’’ and 
“B,” Fig. 4, have different widths, 
they must be spliced as shown at weld 
“TI.” This weld is made before as 
sembly to the web to permit freedom 
of movement. The edge preparation 
used is the result of some experi 
mentation by the shop in search of an 
efficient joint. Both sides of each 
plate are beveled to make a 60-deg 
double vee, leaving a */s-in. edge 
which is just thick enough to prevent 
burn-through, although permitting 
complete penetration by the root 
passes of semi-automatic welders. 
A 60-deg vee is used so that the 
semi-automatic tip can get down into 
the groove far enough for the first 





pass. The secret of making a success- 
ful weld hinges on full penetration 
and a sound first pass. 

The weld is filled in on one side 
before turning the plate over and 
completing the other side. This pro- 
cedure is possible because of the 
welding speed and penetration af- 
forded by the semi-automatic proc 
ess. 

Welds marked “II,’”’ between plates 
“B” and “C,” are handled in a dif- 
ferent way because flange plate “A’”’ 
has previously been welded to the 
web. The edge at this splice is so 
prepared that most of the weld can be 
applied manually in the flat position 
on one side, using a single V-joint. 
A semicircular hole is cut out of the 
web so that the rod can be manipu- 
lated through for the back-up pass 
in order to obtain a sound, continuous 
butt weld. This hole is often left 
open because it is felt that any closure 
by welding may produce a defective 
notch effect, with considerable re 
straint, which could be more serious 
than the open hole. 

The flange-to-web fillets are made 
by two semi-automatic welders work- 
ing simultaneously on opposite sides 
of the web, starting at the center of 
the girder and proceeding together to- 
ward the same end for each pass. 
The beam-seat assemblies built up as 
separate pieces are fitted to the 
girder along with other detail and 
web stiffeners, and are welded last by 
manual methods. 

The makeups of the column sec 
tions vary according to requirements 
but, in general, have a web plate, 
reinforced with beams or tees, and 
flange members of considerable width 
which have flat bars welded along 
their edges to form a channel-shaped 
member. These flat bars are ex 
tended above the girder seat and are 
field welded to cap-girder bearing stiff 
eners, as shown in Fig. 3. 


Column Makeup 

Five separate subassemblies are 
used to build up each column, in 
cluding two base members, two flange 
members, and one web piece. The 
welding sequence for a typical built 
up column (Fig. 5) is substantially as 
follows: 

1. The base assemblies “A” (made 
up of two flange bars, a web plate, and 
numerous stiffeners) are fitted up and 
manually welded as separate pieces. 

2. Web assembly “B,”’ consisting of 
one relatively wide web plate and two 
split tees (or in some cases beams rein 
forced with channels), is fitted and tack 
welded to make up one subassembl) 
Four longitudinal welds are made with 
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automatic submerged-arc welders run- 
ning full length, tying the split tees to 
the web. The top of the web is milled 
to provide a good bearing surface under 
the column cap girder. 

3. The two flange assemblies marked 
“C,” consisting of a wide web plate and 
two flange bars, are fitted up into a chan- 
nel-shaped section, tack welded securely, 
and placed in a holding fixture for welding 
by automatic machines. Welds marked 
“T” and “II” are made in that order, turn- 
ing the piece between the two passes. 

4. Subassemblies “B” and “‘C” are 
then fitted together, tack welded, and also 
held in a fixture of pipe jacks for subse 
quent final welding. Welds “III” are 
made starting from the top or milled 
end, using two semi-automatic sub 
merged-are welders or two manual weld 
ers. Stiffeners are placed and welded 
after welds “III'’ are complete. 

5. Base assembly ‘“‘A’’ and structural 
detail are now added to the column, and 
the final welds are completed by manual 
methods. 


Welding Standards 

Because the Bayshore Viaduct, 
with which the Division Street Inter- 
change connects, involving approxi- 
mately 26,000 tons of fabricated 
structural steel, is probably one of 
the largest all-welded bridge projects 
to be constructed, considerable dis- 
cussion was held by the State of 
California engineers with leading 
welding authorities and representa 
tives of steel mills and structural steel 
fabricators, especially in regard to 
welding thick material. The basic 
specifications to be followed are: 


1. Standard Specifications, January 
1948, of the State of California, Division 
of Highways. 

2. Standard Specifications for High 
way Bridges of the American Association 
of State Highway Officials, 1944. 

3. ASTM Specification A7 for ma 
terial 1'/, in. thick and under. 

t+. AWS Standard Specifications for 
Welded Highway and Railway Bridges, 
1947, except as modified by special pro 
visions for this job. 


Special conservative provisions for 
this section of the viaduct, involving 
+,800 tons, of which approximately 5 
percent is thicker than 1'/2 in., were 
drafted on the basis of the informa- 
tion obtained from the experts con- 
sulted by the State of California. 
The experts concerned do not con 
tend that these special provisions 
are all-inclusive or perfect but rather 
that they do meet with the general 
approval of the interested parties and 
as such are tentatively acceptable. 

Shop handling of long and rela- 
tively limber pieces is often trouble- 


some and slow. Edge preparation 
must insure proper fit up as well as 
provide surfaces that are clean, 
smooth, uniform, and free from fins 
and other defects so that sound 
welds of the proper contour can be 
obtained. This type of careful prepa- 
ration necessitates the use of large 
floor areas and considerable time for 
layout, setting up, machine burning, 
cleaning, handling, and burning the 
pieces. Fitting up, of course, is one 
of the fabricator’s major problems 
and is another important factor in 
obtaining sound welds. On this proj- 
ect, since standard jigs were of little 
use, special jigs and fixtures were 
built to suit the fabricating require- 
ments. To avoid cracking, the fit-up 
must permit breathing space for the 
weld during shrinkage. 

Tack welding is often employed to 
hold members in place, and some prac- 
tical problems are met even here. 
For example, how large should the 
tack weld be and how can cracking 
be prevented or repaired?  Fit-up 
sometimes also means pre-positioning 
the piece out of line so that cooling 
and shrinkage stresses will bring it 
back into relatively correct position. 
Many and varied expedients are 
used to minimize wrinkles or warp- 
ing of thin webs. In addition to 
operational difficulties, application 
of the weld presents technical prob- 
lems and also practical ones, such as 
cleaning each layer thoroughly. Weld- 
ing supervisors must be certain that 
the equipment is in first-class condi 
tion and that welders are qualified 
and generally appreciate the impor- 
tance of their task. These are but a 
few of the duties which a fabricator’s 
welding supervisor must assume in 
order to assure a first-class finished 
product. 

One particular engineering aspect 
that does not seem to appear very 
often in welding literature is the 
problem of the proportions of thin to 
heavy material. For example, what 
is the limit of thickness of the 6-in. 
flange bars on built-up channel flanges 
of column bents which have constant 
column webs of 24- X */s-in. ma 
terial? We do not know what this 
limit is, but we are inclined to believe 
that the viaduct design approxi- 
mates the upper limit. The Califor 
nia Highway Department is con 
templating taking SR4_ strain-gage 
readings in strategic locations on 
column bents, and results may give 
some insight into this subject. 

A comparison at this time between 
the Kern River Bridge and the struc- 
ture now under discussion might 
serve to point out the advances in 
welding made during the past ten 


CIVIL ENGINEERING e September 1952 


years. On the Kern River Bridge, 
5/s-in. cover plates were welded with 
short-length, */s-in. intermittent fillet 
welds. On this viaduct, cover plates 
as thick as 1'/, in. are welded with 
'/,in. continuous fillet welds. The 
continuous fillet welds obviously lend 
themselves to the use of semi-auto- 
matic or automatic welding processes. 

Of interest also is a comparison 
of the relative length of covers with 
respect to span length, of the end 
taper of cover plates, and of the weld- 
ing at the tapered ends of the cover 
plates. The stiffeners on the Kem 
River Bridge are welded to the ten- 
sion and compression beam flanges 
with */s-in. fillet welds, and to the 
beam webs with short-length */;-in 
intermittent fillet welds, whereas for 
the viaduct the stiffeners are fitted 
to the tension flange, seal-welded to 
the compression flange, and welded 
to the web with */,,-in. continuous 
fillet welds (to make the stiffener size 
comparable to Kern River). 

Attention is also called to the 
change in the type of shear connect- 
ors. Of particular interest on the 
viaduct project is the almost com- 
plete use of continuous fillet welds of 
minimum size, consistent with the 
maximum thickness of material to 
which the weld is applied. 

Since harmony and a common pur- 
pose exist between the State of Cali- 
fornia inspectors and the fabricator’s 
welding forces, it is believed that the 
best possible welded job is being pro- 
duced. All testing for the state is 
under the direction of J. L. Beaton, 
Supervising Highway Engineer. 

The Division Street Interchange 
project is under the direction of 
G. T. McCoy, M. ASCE, State High- 
way Engineer. Bridge design and 
construction are under the direction 
of F. W. Panhorst, Assistant State 
Highway Engineer; Stewart Mitch- 
ell, Principal Bridge Engineer; and 
I. O. Jahlstrom, Principal Bridge 
Engineer—all Members of ASCE. 
Leonard G. Hollister, M. ASCE, was 
in charge of the design of this project. 

For Bethlehem Pacific Coast Steel 
Corp., steel is being fabricated at the 
Alameda Works under the direction 
of I. F. Kurtz, Manager of Works, and 
R. E. Gauthier, A.M.ASCE, Dis- 
trict Engineer. General Contractor 
is Charles L. Harney, Inc., of San 
Francisco. 


This article is based on the paper pri 
sented by Mr. Binder before the joint session 
of the Structural Division and the American 
Institute of Steel Construction, presided over 
by R. N. Bergendoff, member, Executive Com- 
mittee of Structural Division, at the Centen 
nial Convention in Chicago.) 
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NEW ENGINEERING LABORATORY—making possible compre- off major switchgear developments. Designed to keep pace wi 
hensive tests on a scale never before possible—enables G-E 


industry’s increasing use of electric power, it has ten times tj 
engineers to make faster, more searching studies, clip months 


capacity of America’s first such installation, built by G.E. in 19 
+* 








] FLASH in one of five test cells re- 
sults from deliberately testing a 
circuit breaker to destruction. Board at 
right indicates conditions of the test. 


SMOKE emerges, while results of the test OBSERVERS emerge from 
are automatically measured, recorded on tion booth 
film, and quickly made available for examination 
by our General Electric development engineers. 


observa 
facing test cells t 
inspect damage. Photos are from shatter 
proof windows in the control building 








AFTER DEMONSTRATION, visitors get a close-up 
view of damage done in test they have just ob- 
served. This 15-kv oil circuit breaker was tested 
at far above its 90,000-kva interrupting rating. 


. 
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DICATION CEREMONIES included a dramatic demonstration of what happens NERVE CENTER of new lab is this benchboard in 

the interrupting capacity of switchgear is inadequate. Closed-circuit tele- the control building. Here, operators set generator 
sion equipment was effectively used to take opening-day visitors behind the output, then start automatic sequence sending up 
genes and to brief them on the nature and significance of tests they witnessed. to 5,250,000 kva through equipment under test. 


vdomorrow’s power equipment 


Switchgear Development Laboratory helps G-E engineers 
sign higher-capacity apparatus for industry’s growth 


treased mechanization and growing industrial capacity have caused 
nerica’s use of electric power to skyrocket. Acting now—to help de- 
m the power-handling equipment you'll need tomorrow—General 
tric has built the new Switchgear Development Laboratory in Phil- 
iphia. Facilities at this new lab —largest of its kind in the world— 
€ it possible to test switchgear under tomorrow’s operating condi- 
ns. Here, new designs are subjected to extreme power surges, even 
ed to destruction, to prove their reliability. 


ou’ll get these specific benefits from switchgear developed at the new 
: (1) greater continuity of power service in your plant, (2) better pro- 
ion for your equipment and greater safety for your personnel, (3) 
er original cost per unit of power handled, and (4) reduced mainte 

. ce expense. 

a This new laboratory and other G-E engineering facilities work for ie] y 4 — 
ft when you specify “‘G.E.”’ for electric apparatus. And where high- . _ 
Mality system engineering is required, G-E application engineers will 
taw on this engineering leadership in working with you and your con- switchgear Dept. (right), and R. L. Williams, in 
tultants. Contact your local G-E Apparatus Sales Office -early in the charge of new lab, examine still-wet oscillograph 
janning. General Electric Company, Schenectady 5, New York. 672-5C films of test only two minutes after it was begun. 


G-E ENGINEERS V. L. Cox, Manager—Engineering, 


ingineering Leadership gives you better electrical systems from— 
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cells t 
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ANACONDA 
METALS 


for sewage and 


water works 
equipment 





“7 standard and certain special ANACONDA Metals 


manufactured by The American Brass Company are finding increasing 


use as materials for sewage treatment and water works equipment. 


equipment, where its unusual physical and chemical properties have 


For almost a quarter century Everpur* Metal, the original copper-silicon 


alloy group, has been used increasingly for sewage and water works 


earned it an enviable reputation for long-lived, economical service 


under severely corrosive operating conditions. These high-strength, 


easily-welded Everdur alloys make possible the use of lightweight 


wrought assemblies which will outlast cast, rustable equipment 


many times over. 


The following tables summarize briefly other ANACONDA Products 


suitable for sewage treatment and water works equipment. 


FOR WATER WORKS EQUIPMENT 


FOR SEWAGE TREATMENT 





SERVICE 


Reservoir outlet screens 


Screen frames 


Well screens 


Filter distribution lines 


Winding wire for vac- 
uum filter 


Vacuum filter piping 
Vacuum filter vat 


Service lines 


Valve and gate stems 


Studs, bolts and nuts 


Guides, seats, sealing 
strips 


FORM 
Wire mesh 


Bar 


ner Tube 


Specia 


| shape 


wire 


Rod 
Pipe 


Wire 


\ Pipe 
i Tube 
Sheet 


\ Pipe 
i Tube 


Rod 


Rod 


Bars 
Shapes 
Strips 


MATERIAL 
Everdur 1010 
Everdur 1010 


\ 85 Red Brass 
)Everdur 1010 


85 Red Brass 
Copper 
\ Phosphor Bronze 
361 
Everdur 1015 
\85 Red Brass 
| Copper 
\ Copper 
jEverdur 1010 
85 Red Brass 
j Copper 
Tobin Bronze 
Leaded Naval 
Brass 
Everdur 1012 
or 1014 
Manganese 
Bronze 937 
Naval Brass 
Everdur 1010 
and 1015 
Naval Brass 
Manganese 
Bronze 937 
Everdur 1010 


SERVICE 
Pump galleries, over 
tanks, screen rooms, 


FORM 


Rigid conduit 


& E.M.T. 
etc. 
Coarse bar screen en- Sheet 
closures 
Grit chamber propor- Sheet 
tional weir 
Weirs and brackets in Sheet 
sedimentation tanks 
Sheet 
Rod 
Gates Angles 
Channels 
Air lines for aeration ‘Pipe and Tube 
tanks 
Meter and control lines Tube 
Sampling tubes for di- Tube 
gesters 
Heating coils for di- Tube 
gesters 
Hangers and fittings 
for heating coils Rod 
Sludge gas lines Pipe 
Valve and gate stems Rod 
Studs, bolts and nuts Rod 
Guides, seats, sealing Bars 
strips Shapes 
Strips 
Manhole steps and Rods 


MATERIAL 
Everdur 1015 
Everdur 1010 
Everdur 1010 
Everdur 1010 


Everdur 1010 
Everdur 1010 
Everdur 1010 
Everdur 1010 
85 Red Brass & 
Copper 

Copper 
Copper 


Copper 


Everdur 1010 
and 1015 
85 Red Brass 
Tobin Bronze* 
(sie Naval 
Brass 
Everdur 1012 or 
1014 
Manganese 
Bronze 937 
Naval Brass 
| verdur 1010 or 
1015 
Naval Brass 
Manganese 
\ Bronze 937 
Everdur 1010 
Everdur 1015 


anchors 





THE TECHNICAL DEPARTMENT of Th 


ican Brass Company will gladly cooperate 


» Amer- 


in helping you sélect the most suitable 
copper-base alloys for sewage treatment and 
water works equipment. Address: The Amer- 
ican Brass Company, Waterbury 20, Con- 


necticut. In Canada: 


Anaconda Ar 


Brass Ltd., New Toronto, Ontario. 
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Where corrosion resistance counts—consider 


EVERDUR 


COPPER-SILICON ALLOYS 


*Reg. U. S. Pat. Of. 
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Welcome to the Centennial Convocation 


As this Centennial issue comes off the press, members of ASCE and engi- 
neers of other societies from both here and abroad will be in Chicago— 
part of a vast assemblage of engineers who have come from all over the 
world to celebrate the one hundredth anniversary of the American Society 
of Civil Engineers and a century of engineered progress. This is to bid 
you welcome to a celebration that is the culmination of the hopes and 
plans of years—a celebration that has set itself the dual purpose of ex- 
plaining to the public the contributions of engineering to ovr national 
growth while providing a technical program of broad professional appeal. 

You whe are visiting Chicago for the first time will find it the epitome 
of the past century of engineered progress. During the one hundred years 
we celebrate it has grown from a pi ettl t to the d metropo- 
lis of the country and the fourth largest city in the world. lt was in Chicago 
that first use was made of structural steel and skyscraper construction 
hed its beginning. And in Chicago today you will have a chance to 
inspect modern construction miracles, particularly the great superhighway 
being pushed through the heart of the city. 

Te increase public awareness of the contributions made by the engi- 
neering profession to the living standard of the nation during the century 
we celebrate, twelve general symposiums have been arranged. For the 
th ds attending the Convocation for its technical programs, there are 








participating societies. Two other principal features of the Convocation 
program are new exhibits in the M of Sci and Industry, which 
supplement industrial exhibits for which the Museum is already world 
famous, and the ical extravag , “Adam to Atom,” which excitingly 
depicts the search by engineers down through the ages for methods and 
machines to make man's labors less and his living standards higher. 
Engineers who enjoy “Adam to Atom" have opportunity to make small 
contributions ($1 or more) to a Centennial of Engineering Corporation fund 
to permit school children to attend. These young people form one of the 
groups to whom “Adam to Atom” is properly addressed. 

For the benefit of members who are not able to attend the Convocation, 
this issue contains thirty major papers being presented in the ASCE Con- 
vention part of the Convocation program. Other Centennial papers re- 
viewing other phases of the past century of progress are scheduled for 
subsequent issues. The October issue will carry a general story and 
photos of the Convocation. 

In behalf of all members, thanks are accorded the many engineering and 
other professional societies who have cooperated so fully in helping to 
make the Centennial program of a sister society a success. Similarly, 
warm thanks are due the hundreds of committee and other members who 
have labored long and hard for the success of the ASCE Centennial of 








the sessions arranged by the ASCE Technical Divisions and the 61 other. ~— Engineering. 





Special Centennial Events 
Set for September 6 and 10 


Of special interest to members attend 
ing the Centennial Convocation will be 
the events of ASCE Centennial Day, 
Saturday, September 6, and of Centen 
nial Day, Wednesday, September 10. 

Presentation of awards to authors of 
prize-winning papers in TRANSAC- 
TIONS during the past year will take 
place at a general luncheon on ASCE 
Centennial Day, as will ceremonies con- 
nected with release of the ASCE com 
memorative stamp. An official of the 
Post Office Department will speak during 
the stamp-launching ceremonies. The 
dinner that evening will feature conferring 
of honorary membership in ASCE on five 
engineers and an address by Allen S. 
Quartermaine, president of the British 
Institute of Civil Engineers. 

Mr. Quartermaine wil] also speak at 
the Centennial Day luncheon in connec- 
tion with the official presentation of 
scrolls and plaques to ASCE by engineer- 
ing societies from all over the world. 
Presentation of the Hoover Medal to 
C. D. Howe, M. ASCE, Canadian Minis 
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ter of Trade and Commerce and Defense 
Production, and of the John Fritz Medal 
to Benjamin F. Fairless; M. ASCE, 
president of the U.S. Steel Corp., will be 
another feature of the Centennial Day 
luncheon. The huge informal dinner 
scheduled for that evening at the Inter- 
national Amphitheater will be addressed 
by ASCE Honorary Member Charles F. 
Kettering, whose subject will be “A 
Review of the Century.’’ A special per- 
formance of the 1953 Sonja Henie Ice 
Review will conclude the evening. 


ASCE Convocation Papers 
Available as Preprints 


A number of the ASCE technical 
papers being presented during the Con- 
vocation are available in preprint form. 
They may be purchased at 25 cents each 
at the headquarters hotel or ordered from 
Society headquarters at the same price. 
Preprints available and a guide to order- 
ing are indicated in the ASCE Conven- 
tion program. 





Congratulatory scroll is presented to ASCE 
through its president, Carlton S. Proctor, 
from its sister society, American Society of 
Mechanical Engineers, by ASME President 
R. J. S. Piggott. Scroll congratulates civil 
engineers ‘‘on one hundred years of useful 
life devoted to increase of engineering 
knowledge and to development and main- 
tenance of high standards of professional 
practice and ethics. " Serolls and 
plaques from foreign societies are being 
presented at Centennial Day luncheon, on 
Wednesday, September ‘10. 
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ASCE headquarters for 
house it owned (upper photo) at 127 East 
23rd Street, New York City. Charles War- 
ren Hunt, Secretary 1895-1919, is shown at 
work in his office 


16 years was in 


Where and how ASCE dollars served mem- 
bers in 1921 when there were 10,000 mem- 
bers and when the new constitution was 
adopted which established annual dues at $20. 





Group of American engineers visiting England in 1921] for attendance at convention of 
British Institute of Civil Engineers includes many members of ASCE. Seated (left to right) 
in photo, which was taken in London, are Ira N. Hollis, Arthur S. Dwight, Ambrose Swasey, 


Charles F. Rand, and John R. Freeman. 


1} 
— 4 


—— 


Standing, in same order, are Robert A. Cummings, 
Charles T. Main, Jesse M. Smith, F. B. Jewett, and William Kelley 






Persons and Places 





President 1852 


James Laurie 


BOARD OF DIRECTION—1923 


1923 Board of Direction is shown at left 
at ASCE Headquarters in New York in 
January 1924. Reading clockwise around 
table, beginning at near end extreme right, 
are Clifford Holland (d.); George Mason 
(d.); Walter L. Huber, President designate 
for 1953; J. J. Yates; Theodore L. Condron; 
John P. Hogan; F. H. Fenkell (d.); Robert 
Ridgway (d.); A. N. Talbot (d.); John R. 
Freeman (d.); George S. Webster (d.); 
Frank T. Darrow (d.); Anson Marston (d.); 
R. N. Begien (d.); John N. Chester (d.); 
Richard L. Humphrey (d.); Frank E. Winsor 
(d.); Ezra B. Whitman; Arthur J. Dyer; 
Baxter L. Brown; Carolina Crook (d.) secre- 
tary to Secretary; John H. Dunlap (d.) 
Secretary ASCE; C. F. Loweth (d.) President 
ASCE; Otis Hovey (d.); George S. Davison 
(d.); Ira W. McConnell (d.); and Glenn D 
Holmes. 
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Carlton S. Proctor 












1894 to date 


President 1952 


HISTORICAL HIGHLIGHTS 


American Society of Civil Engineers 
founded 
American 
founded 
American Institute of Mining Engi- 
neers founded 
American Society of 
Engineers founded 
American Institute of Electrical Engi- 
neers founded 

ASCE membership reaches 1,000 
First Local Section (San Francisco) 
organized 

American Institute of Chemical Engi- 
neers founded 

ASCE membership reaches 5,000 
ASCE joins Founder Societies 

First Student Chapter (Stanford) 
organized 

ASCE membership reaches 10,000 
First Technical Division (Sanitary 
Engineering) organized 

ASCE proposes uniform registration 
“Civil Engineering’ inaugurated 
ASCE membership reaches 15,000 
ASCE membership reaches 35,000 


Institute of Architects 


Mechanical 
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ASCE Operating income 
Sept 30, 1950~-Sept 50, 195 








Genero! Society 
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EXPENDITURES 





Where and how ASCE dollars served mem- 
bers in 1951 when there were 34,000 mem- 
bers and dues were still $20. 


OPERATING 


Genera! Administration 
nd Boord of Owection 







SURPLUS 
* 


* 


42 1% 
Pudi: cotvone 





This building at 220 West 57th Street, New 
York City, served as Society Headquarters 
from its opening on November 24, 1897, 
until 1917 when ASCE moved to Engineering 
Societies Building at 33 West 39th Street, 
New York. Interior (top) shows Board and 
committee room in 1897. In 1905 a 25-ft 
addition was made (at right, in photo above). 





During 1935 Los Angeles Convention group of ASCE members and their ladies visit Para- 
mount studios in Hollywood. 


In 1934 recently completed Rockefeller Center, New York City, is opened for inspection by 


ASCE members attending Annual Meeting. 


This group of Board members taken on oc- 


casion includes (seated, left to right) James G. Sanborn, ASCE Secretary George T. Seabury, 
Harrison P. Eddy, President of ASCE, E. N. Noyes, W. W. Horner, and Ralph J. Reed. Stand- 
ing (in same order) are Charles E. Trout, B. A. Etcheverry, T. J. Wilkerson, and E. B. Black. 
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Work and Play at Past Society Meetings 





Baltimore 1941 Spring Meeting is recalled in 
left-hand photo, in which Charles Gilman 
Hyde and Gustav J. Requardt, then Directors, 
compare libations. Washington, D. C., 
Meeting (November 1949) is addressed by 
President Truman (right), first and only 
President of the United States to speak at an 
ASCE meeting. Lower left-hand view goes 
back to Salt Lake City Meeting in July 1938 
and shows (left to right) R. C. Gowdy, then 
Vice-President; R. K. Brown, president of 
Utah Section: Past-President and Honorary 
Member Daniel W. Mead; and President 
Henry Earle Riggs. In lower right photo 
Past-President Arthur S. Tuttle is seen at party 
at San Antonio Meeting in April 1937. 











ASCE Stamps to Go on Sale 
in Chicago, September 6 


rhe three-cent stamp commemorating 
the one hundredth anniversary of the 
founding of the American Society of Civil 
Engineers will be first placed on sale in 
Chicago on September 6, according to an 
announcement from the Postmaster Gen 
eral Jesse M. Donaldson. Place and date 
of sale were selected to coincide with 
the Centennial of Engineering Convoca 
tion in Chicago during the September 
3-13 period 

rhe overall design of the stamp depicts 
the great advancement made in one phase 
of civil engineering, that of bridge build 
ing. A replica of a typical covered wagon 
of the 1852 period appears in the lower 
left-hand corner of the stamp, while 
dominating the right and central portion 
is a reproduction of the George Washing 
ton Bridge with the New York skyline in 
the background. Choice of this massive 
suspension bridge for the stamp is par 
ticularly fitting because the first President 
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for whom it is named was a civil engi- 
neer. 

Dimensions of the stamp are 0.84 by 
1.44 in., arranged horizontally, printed by 
rotary process, electric-eye perforated and 
issued in sheets of 50. The color of the 
stamp will be blue. An initial printing 
order of 110,000,000 stamps has been 
authorized. 

A special post office will be set up in 
the Conrad Hilton Hotel for the conveni 
ence of stamp collectors attending the 
E. Milnor Peck, Head of 
Pleasant 


Convocation. 
the Fleetwood Cover Service, 








Facsimile of ASCE commemorative stamp 


ville, N.Y., is handling first-day covers 
for the convenience of those not wishing 
to be bothered by details. 


Veteran Society 
Members Listed 


Phe Society has 21 members of 6i)-year 
or longer affiliation. Dean of the group 
in length of membership is Edward Flad 
former Ditector, who boasts a member 
ship of 67 years going back to 1885. Mr 
Flad was second in the last compilation 
of veteran members (published in the 
July 1947 issue of Crvit ENGINEERING) 
which listed 30 living members who had 
joined ASCE in 1890 or earlier. H. 5 
Jacoby, Hon. M. ASCE, who was 29th 
on the 1947 list, is tenth on the present 
revised roll. The present list of 21 mem 
bers goes back exactly 60 years to Sep 
tember 6, 1892. 

These veteran members, with the dates 


(Continued on page 214) 
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Latest Permutit Precipitator 





Saves Up to 40% in Chemicals 


Today’s sludge blanket Precipitator is the most 
advanced and efficient type of coagulation, pre- 
cipitation and settling equipment. It is particularly 
economical for the removal of turbidity, color, 
taste and odor; and for softening water, reducing 
alkalinity and removing silica by the cold lime- 
soda process. 

The secret of its amazing efficiency and adapt- 
ability is the full utilization of the suspended 
sludge-blanket principle. Upward filtration 
through a blanket of previously formed precipi- 
tates results in the complete usage of lime and 
other chemicals. . . saving up to 40°%., 

Resultant prolonged and intimate contact pre- 
vents the formation of “after deposits” in filters 
and pipes, which in many cases . . . eliminates the 


® 
WATER CONDITIONING HEADQUARTERS FOR 40 YEARS ee af faye UTIT 


Pr Ar. 
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need for recarbonation. And an effluent averaging 
usually less than 5 ppm turbidity is produced . . . 
easing the load on filter beds. 


In addition to all these advantages, a one hour 
detention period gives the same results as 2 to 4 
hours in the conventional type . . . making for a 
more compact plant. 


For full information write to: THE PERMUTIT 
CoMPANY, Dept. C-9, 330 W. 42Np STREET, NEW 
York 36, N. Y. or to Permutit Co. of Canada, Ltd., 
6975 Jeanne Mance St., Montreal. 


P.S. Don’t forget that Permutit can also provide 
tailor-made equipment to convert old conventional 
settling basins to the modern sludge-blanket Pre- 


cipitator. 
J 
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piles gravel in porallel rows 95 
about 500 ft. apart to form flood © #5). 
control channel. ee i 
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YUBA dredge with twin stackers 





Erect flood control levees? 

Change stream channel? 

Deepen harbors or ship channels? 

Construct canals or cofferdams? 

Dig and stock pile aggregate? 

Mine rare earths, precious metals, 
industrial minerals? 


...then a YUBA bucket ladder dredge can be both feasible and 
profitable for the job. Case histories of over 40 years of operation 
prove that bucket ladder dredges, properly designed, can move 
huge quantities of alluvial material at low cost per yard. In heavy, 
rough materials (cemented gravel, bedrock, boulders, coral) 
weight of bucket increases efficiency of cutting edge; enables you 
to dig without costly drilling and blasting. 


DIGGING DEPTHS AND BUCKET SIZES 


YUBA dredges have been built for digging depths to 124 feet 
below water level and for working against a bank face of 50 feet. 
Bucket sizes from 2 cu. ft. to 18 cu. ft. or larger. 


YUBA will design and build a new dredge to fit your ground; or 
help you find a used dredge, and move, redesign and rebuild it. 
Investigate the profit potentialities of YUBA dredges for construc- 
tion NOW. Wire, write, or call us—no obligation, of course. 


YUBA dredge with 6 cu. ft. buckets 
and 48 ft. digging depth averages 
320 cv. yds. hourly backfilling cof- 
ferdam and producing aggregate. 


VUBA MANUFACTURING CO. 


Room 716, 351 California S$t., San Francisco 4, California, U.S. A. 
AGENTS —- DARBY & CO., LTO. * SINGAPORE, KUALA LUMPUR, PENANG. 
SHAW DARBY & CO., LTO., 14 & 19 LEADENHALL ST., LONDON, £. C. 3. 
CABLES: YUBAMAN, Saw raancisco - SHAWOARBCO, .onoon 





a 





Stockton “‘Yubabilt’’ Clamshell 
Buckets, 

designed expressly for channel, 
harbor and reclamation dredging. 
Two types: California and Power 
Arm (shown here). Sizes from 2 
to 6 cu. yds. Three weight classes: 
heavy, standard, special light 
weight. 





| YUBA Abrasion Resisting Steel 
Screens— 
Flat or revolving for separating, 
scrubbing, sizing. Holes taper 
drilled to prevent clogging. All 
thicknesses from 4,” up; other di- 
mensions as needed. 


} 
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Schrock Motorized Head Pulley 
Motor internally mounted elimi- 
nates all external sprockets, chains, 
gears, etc. Adaptable to both belt 
conveyors and bucket elevators. 
Sizes from 1/2 to 75 hp. 

51 
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... on the list of “Economy Short-cuts” 
for the $4 Million Nassau County 
Sewer Expansion was... 








GENERAL CONTRACTORS N 
RADING neavy CON . 63 wor 
ex AVATIN VA 


ENTRAL AVENUE 
P TREAM, N.Y 


L. B. Foster Co. 
11 Park Place 


New York 7, N. Y- 
Re 


: N. C. Sewage Disposal Plant 





Gentlemen: 

b was near the ocean, we had to 
ld back mud at 

ons. Contract 
tance, so we turned 


Because this jo we 4 
et Interlocking Steel Sheet Piling to _ 
saingadiee. to assure dry working con . 
requirements made time of wage ye per enemas 2 
rompt delivery of Jus* ™ uals 
= vo cs ae ais prompt delivery was taken for gr 
ess . ‘ 

maar furthermore we figure that bee eff 
on S. 

saving because of your low rental rate 


Yours very truly, 


JA, 


, Klee AA-< 
LilhicG/} ‘a drickson 

Arthur J. Hendrt , 

d President. 








tS-inch diameter precast conduit at an 
Gverage depth of 35 ft.—ploced atop a 
V-inch concrete slab. 





Piling holds back mud for The Sanitary 
Trunk Sewer conduit which ran 7 miles on 
Long Island's South Shore. 
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1,000 feet of Foster Rental Piling serviced 10,000 feet 
of this job for Hendrickson Bros. They rented 1,000 ft. 
to be driven in the relatively soft subsurface a total of 
ten times—piling being in place a week before pulled 
for re-use in advanced location. The complex piling 
requirements were best serviced from Foster's large 
rental stocks with the exact lengths and the exact sec- 
tions the job required, at economical low rental rates. 


Let us quote you on our low-cost piling rentals—prompt 
service from five Foster warehouses. Send for Free Piling 
Brochure illustrating diagrams of all standard-make sec- 
tions, ask for Bulletin CV-9., 


RAILS—TRACK EQUIPMENT ¢ PIPE « WIRE ROPE 


LELE VAOEVITAS co. 


PITTSBURGH 30, PA. + NEW YORK 7, N.Y. + CHICAGO 4, ILL. + HOUSTON 2, TEX. 
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Builders: Campagna Construction Corp., New York; Owners: Lancamp Realty Corp., St. Louis; Architects: Rosorio 
Candela and Paul Resnick, New York; Engineers: Weinberger & Weishoff, New York, and George E. Wells, Inc., St. Louis. 


St. Louis Apartment Building has 
1075-ton Steel Frame 


This fine new apartment building, called The Montclair, 
























is the first major structure of its kind to be built in St 
Louis in two decades 

The Montclair is located on Kingshighway, and occupies 
a 380-f¢t block front, facing beautiful Forest Park. It is 
hfteen stories high, and has facilities for 206 families 
Its large, well-planned rooms are grouped into apartment 
units of from 14% to 6 rooms, and there are private 
terraces on the top five stories. Floors throughout are of Typical plan of floors 3 to 7 of The Montclair, new apartment build- 
cork tle, to minimize the transmission of noise ing in St. Lovis. Upper stories have set-backs for private terraces. 


Among numerous features of The Montclair are select 


shops, a beauty salon, cocktail lounge and dining room saci 


gETHLEHEY 


BETHLEHEM STEEL COMPANY 


; , BETHLEHEM, PA 
The Montclair has an attractive facing of gray brick, 


On the Pacific Coast Bethlehem products are sold by STEEL 
trimmed with limestone. Its 1075-ton steel skeleton was Bethiehem Pacific Coast Stee! Corporation 


Bethlehem Export Distributor: Bethlehem Steel Export Corporation 


plus a 200-car basement garage 


fabricated and erected by a 


FABRICATED STEEL CONSTRUCTION 
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HE George P. Coleman Memorial Bridge spanning the deep, 
an York River between historic Yorktown and Gloucester 
Point, Virginia, is another engineering and construction triumph 
for American Bridge. 

Resting on 220-ft. concrete piers extending 60-ft. above the 
water, this 3,750-ft. structure with its tandem swing spans is the 
largest bridge of its type in the world. 

The superstructure, which is a combination of cantilever arms, 
deck plate girders, and suspended deck truss spans, has the ex- 
traordinary distinction of having two 500-ft. swing spans, each 
weighing 1,300 tons! Pivoting horizontally on piers 44-ft. in diam- 
eter, these unique spans swing open 90 degrees simultaneously to 
provide a 450-ft. freeway for the ample passage of even the largest 
U.S. fighting vessels. 

The swing spans fabricated in the Roanoke, Virginia shops of 
American Bridge were erected in the open position. So well were 
all the phases of the work performed that when the bridge was 
closed, the three connecting points fitted together perfectly— 
again demonstrating the dependability of American Bridge 
construction, 


INTERESTING FACTS 


Total Length of Bridge 3.750 Weight of Each Swing Span 1,300 tons 
Length of Each Swing Span 500° Weight of Steel Superstructure 10,720,000 Ibs. 
Number of Shipping Pieces 5027 178 carloads 


Owner: State of Virginia, State Highway Dept. 

Engineers: Parsons, Brinkerhoff, Hall and Macdonald, New York 

Substructure Contractors: Massman Construction Co. Kansas City Bridge Company, Kansas City, Mo. 
Concrete Subcontractor: W. F. Magann Corp., Portsmouth, Va. 

Superstructure Stee! and Steel Bridge Decking: American Bridge Division. United States Stee! Company 


AMERICAN BRIDGE DIVISION, UNITED STATES STEEL COMPANY 
GENERAL OFFICES: 525 WILLIAM PENN PLACE, PITTSBURGH, PA. 
Contracting Offices in: AMBRIDGE - ATLANTA - BALTIMORE - BIRMINGHAM ~ BOSTON - CHICAGO 
CINCINNATI - CLEVELAND - DALLAS - DENVER - DETROIT - DULUTH - ELMIRA - GARY - MEMPHIS 
MINNEAPOLIS - NEW YORK - PHILADELPHIA PITTSBURGH - PORTLAND, ORE ROANOKE 
ST. LOUIS - SAN FRANCISCO - TRENTON UNITED STATES STEEL EXPORT COMPANY, NEW YORK 
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Hydropel Integrally Waterproofs 
oncrete Best in Competitive Tests 


al 
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(Top left) HYDROPEL CONCRETE foundations, Pacific 
Gas & Electric Company — Midway Steam Plant. 
(Top right) PLAIN CONCRETE in same location— show- 
ing effect of alkali soils. 
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pnooucr SRNR 
ADDITIVE A 8.93 
ADDITIVE 8 10.60 
ADDITIVE C . 8.05 
ADDITIVE D. 8.75 
ADDITIVE E . 10.19 
ADDITIVE F. .. ; 6.06 
ADDITIVE H — 10.23 
PLAIN CONCRETE (5% sack) . 8.10 
AIR ENTRAINED CONCRETE (5% sock) 7.80 
HYDROPEL (5% sock 1.09 
*2° x 4” Cylinder of minus 3/8" material, specimens 
dry at 140° F 





TEST RESULTS as tabulated by Pittsburgh Testing Lab- 
oratory show comparative capillary water absorption 
after seven days. 





HYDROPEL BLOCK (top half) absorbed little of the salt 
solution in which it was placed till all had evaporated. 
Air-entrained concrete (lower half) sucked up the solu- 
tion, leaving destructive salt crystals throughout. 
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Or ALL WATERPROOFING PRODUCTS, Hydropel” integral 
admix for concrete ranks highest. Pittsburgh Testing Lab- 


oratory proved this in exhaustive tests. Concrete treated with 
eight major competitive products actually absorbed from 
five to ten times more moisture than Hydropel-treated 
concrete. The Pittsburgh technicians also proved Hydropel 


accomplishes waterproofing without loss of strength. 


All types of construction benefit: 


PAVING ENGINEERS — can build concrete pavements without destruc- 


tive volume changes due to moisture. 


ARCHITECTS—can specify—and get—basement concrete that remains 
warm and dry—assuring owner-satisfaction. 


INDUSTRIAL PLANTS — can have concrete that lasts 4 times longer in 


bad alkali and moisture conditions. 


CONTRACTORS — can, at last, deliver quality concrete for tough places 


at low premium cost. 


Send for free illustrated descriptive booklet 


HYDROPEL 


AMERICAN BITUMULS & ASPHALT COMPANY + 200 BUSH STREET, SAN FRANCISCO 4 
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] {) (} years of progress 
in OSGOOD shovels 








Progress in excavating equipment has been rapid 
during the past 100 years, but one thing has not 
changed. Now, as in 1852, the most efficient, most ad- 
vanced earth-moving equipment is built by OSGOOD 
— oldest name in the power shovel and crane industry. 

Through the years, OSGOOD has been noted for 
its unparalleled engineering leadership, and today's 
OSGOOD machines are unequalled in ability to in- 
crease your profits. 








uc- 


ins You owe it to your future to investigate the many 


modern OSGOOD features designed to increase work 


_ oscoon’s 2-horse power excavator capacity, reduce maintenance, and cut down-time. Find 


of 100 years ago was powered by a team of horses on a out why OSGOOD shovels are setting new production 
treadmill inside the machine, Although crude by today's records on jobs from coast to coast. Write today. 
standards, this excovator embodied the four principal func- 
tions of a modern power shovel; (1) Crowd (2) Hoist (3) 
Swing (4) Travel. Then, as now, the name OSGOOD stood 
for sound engineering. 


ces 
EQUIPMENT DESIGNED WITH 
YOUR PROFIT IN MIND 
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il OHIO ry 
. WORLD-WIDE SALES and SERVICE THROUGH BRANCHES and DISTRIBUTORS 
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FOR ENGINEERS INTERESTED 


in BRIDGES and ELEVATED HIGHWAYS 





Here's a brochure that will come in handy when 
you're designing a bridge or elevated highway. It 
fully explains the famed Flex-Plane Bridge and Ele- 
vated Highway Concrete Finishing System. Gives 
you the last word on the latest equipment designed 
and produced by the nation's largest organization 
devoted exclusively to machines for the construction 


of concrete highway and airport systems. 


TEEL 
<8 s £On 





THE FLEXIBLE ROAD JOINT MACHINE CO., WARREN, OHIO 


| would like a copy of ‘Flex-Plane Bridge and 
Elevated Highway Concrete Finishing Machines." 


Name 
Street 


City State 
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Here's a complete, fully illustrated 
reference you'll want for your files. 


@ It gives a full description of the 
most modern methods for construct- 
ing concrete decks for bridges and 
elevated highways. 


@ Explains how hundreds of miles of 
elevated traffic lanes have been Flex- 
Plane finished without a single high 
spot—producing surfaces within |/,” 
tolerance in 10 feet. 


@ Tells how concrete decks can be 
constructed faster, at much. lower 
costs. 


@ Shows how easy it is to arrange 
for necessary machinery. 


@ Gives the experiences of leading 
bridge engineering firms who have 
used the equipment. 


@ Details Flex-Plane's design, engi- 
neering, and service facilities avail- 
able to the engineers and constructors 
at no obligation. 


Reserve your copy now! Fill out the handy coupon 
below, or simply write to THE FLEXIBLE ROAD 
JOINT MACHINE COMPANY, WARREN, 
OHIO, and ask for a copy. There's no obligation. 
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This is the pay-off on one of the biggest, fastest mapping 
jobs ever done. Those Caterpillar tractors and clamshells 
are at work on the AEC Savannah River facility weeks 
| and months ahead of schedule! Construction is rolling 
fast, and it started rolling when Aero Service mappers went 
to work last year. 
\eRoO was a natural for the job. We like the tough ones, 
and the AEC needed these maps “yesterday.” Here’s the 
performance record: 

Total area: 210,000 acres 

Map scale: 1” = 100’—2' or 5’ contours 

First delivery: 1,000 acres in 15 days 

Weekly deliveries: 6,000 acres average 

Final delivery: 5 months 
That sort of record takes planes and personnel. But 
most of all it takes teamwork and drive. AERO mappers are 
accurately . within the budget. 
Our record includes the Oak Ridge atom bomb plants, the | 
Pennsylvania Turnpike extensions, the Missouri River | 
Valley mapping, as well as recent railroad location studies in 
rugged areas of Alaska and Venezuela. | 
(ERO speeds mapping at low cost and high accuracy for | 
industrial plant development, city planning, pipe lines or | 
power lines, oil or mining exploration, or any large project. 
Our experience—33 years of it—is worldwide. Let 
our engineers work with you. 


CIVIL ENGINEERING e September 1952 





proud of their reputation for getting the job done fast . . . r 











First step in this $1,200,000,000 construction job 
was photo-mapping the 210,000 acre area. Skilled 
AERO crews flew it in less than twoweeks forthe AEC. 


Aero field surveymen established a network of 
ground control for the air photos with precision 
theodolites, using radio transceivers for communi- 
cation between crews. 


AERO 


SERVICE CORPORATION 


PHILADELPHIA 20, PENNSYLVANIA 
Oldest Flying Corporation in the World 





AIRBORNE MAGNETOMETER SURVEYS ¢ PLANIMETRIC MAPS 


PRECISE AERIAL MOSAICS « TOPOGRAPHIC MAPS 
COLOR PHOTOGRAPHY « RELIEF MODELS 


(Vol. p. 791) 


























To help meet the nation’s need for power, the com- 
panies in the American Gas and Electric System are 


engaged in a vast expansion program. 
On deep power plant foundations, pumping is 
usually Problem #1. How does A. G. & E. meet it? 
With MORETRENCH WELLPOINT SYSTEMS! 


They worked “in the dry” 


— in OHIO on the Muskingum River Plant and 
| Hy the Tidd Power Plant 


— in INDIANA on the Tanners Creek Plant and 


the Twin Branch Plant 


FO M4 A. G. & E. — in WEST VIRGINIA on the Kanawha River 


Plant and the Philip Sporn Plant. 
They know from experience, that for fast, efficient, 
-= economical dewatering, Moretrench is the answer. 


00, 
UR answer 
it’s yo nie write, wire, 
on on estimate- 


‘SY, 
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— hy — 
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MORETRENCH 
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SAVE STEEL 


FOR NATIONAL DEFENSE 


' 
- a? a SS Sew ST es 


Tn 
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...build with REINFORCED CONCRETE 


e Your steel allotment can be s-t-r-e-t-c-h-e-d. 





Yes, you can save steel—critically needed today—by de- 
signing your buildings and other structures for reinforced 
concrete. 











BEAMS 
woe Cane Steet Not only does reinforced concrete require less steel—it has 
many other advantages. Reinforced concrete framing is low 
in cost and fast to erect—often providing extra months of 
income. Furthermore, it is inherently firesafe, and provides 
Compiete a rugged, durable structure which is highly resistant to wind, 


BUILDINGS . al. 
Soe Gane See! shock, and quakes. 


COLUMNS 
Use Less Stee! 











On your next structure, design for reinforced concrete! 


CONCRETE REINFORCING STEEL INSTITUTE ¢ 38 South Dearborn Street, Chicago 3, Ilinois 
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“DEEP 
WATER” 


—Layne's new, all color and 
sound motion picture tells 
an interesting and instruc- 
tive story of well water de- 
velopment from plans to 
final testing. It may be 
booked without cost or ob- 
ligation. For further details 
drop a line to the Memphis 
office. 


* 






Nine Layne Wells 


for this big Phosphate mining operator 


Phosphate mining presents many unusual problems, one of which necessi- 
tates an ever dependable supply of low cost water. International Minerals & 
Chemical Corporation, on their big phosphate mining operations near Bartow 
and Orlando, Florida, are now using nine complete Layne well and pump units. 
These installations have a total maximum capacity of nearly thirty-thousand 





gallons of water per minute—enough for greatly increased mining activity. 
If you are contemplating the 


instatetion of water wells oF And so here again we have a case But the decision was easy. Layne 
pumps, it will be worth your g y y 

while to have copies of our wa- of where water supply failure would = water supply wells and pumps have 
ay Of Fee cee. stop everything—and where the own- —an unmatched record of making good 


Write fo ies. No obligation. " 
es a er had to be sure that he was buying = y,, every job no matter how heavy 


the utmost in proven dependability, 44, production, or how long the hours 


low cost operation and the kind of may be. Whether for a mining opere- 
quality that would assure long life. : , ae ae 
tion, a city, factory or irrigation 
= farm, Layne wells and pumps always 
We — FE R W E L LS give complete satisfaction and cost 
less in the long run. 


NE MPS 
VERTICAL bag cents i LAYNE & BOWLER, INC. 
WATE General Offices, MEMPHIS 8, TENNESSEE 
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Chicago Pump, the company that developed and 
perfected the Comminutor, announces the new t~ 
Chicago Barminutor for plants with flows of 15 eS 
MGD and over. The Barminutor combines the 
function of a bar screen with the unfailing per- 
formance of the Comminutor. It can be installed ' 
in existing open channels. Complete technical data ees 
sent upon request. 








| | Sor 
BARMINUTOR OPERATION . . . . 
Revolving cutters (1) traveling in slots on bar + om 
screen (2) pick up coarse sewage matter from ’ ‘e } 
screen and carry it to combs (3) against which it * se 
is cut into small pieces. Cutter assembly rotates at A 
200 rpm, and moves up and down the bar screen Pe. 











at 1 fpm. 


(44 
BARMINUTORS 
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HEAT TRANSFER TANK 
BURNER 

GAS MIXTURE INDICATOR 
LIGHTING TORCH AND FLEXIBLE HOSE 
FIRE CHECK 

TEMPERATURE CONTROL MODULATOR 
TEMPERATURE CONTROL INDICATOR 
SAFETY BLOWOFF 

COMBUSTION CONTROLLER 

SAFETY SHUT-OFF VALVE 


Seevecsun- 








LOW PRESSURE GAS CONTROL 

GAS METER (OR FLOSCOPE OPTIONAL) 
oRIP TRAP 

PRESSURE RELIEF ANO FLAME TRAP 
ASSEMBLY 

FLAME TRAP ASSEMBLY 

SEDIMENT AND ORIP TRAP ASSEMBLY 

A" TAPPED CONNECTION ON GAS LINE TO 
PRESSURE MANOMETERS 

(MANOMETERS NOT SHOWN) 








CHICAGO 


SEWAGE 


EQUIPMENT 


CHICAGO 


SEWAGE EQUIPMENT DIVISION 
622 DIVERSEY PARKWAY 


Flush Kleen, Scru-Peller, Plunger 
Horizontal and Vertical Non-Clogs 
Water Seal Pumping Units, Samplers 













HEAT TRANSFER 


SYSTEMS 


A new, modern and compact system ol 
sludge heating has been developed by Chi 
cago Pump Company in conjunction with 
Selas Corporation of America. The systen 
utilizes the old, reliable and direct method 
of heat transfer by submerged combustior 
and applies it to sludge heating. The methoc 
is characterized by compactness and sim 
plicity of equipment, high efficiency, flexi 
bility and ease of control. This advancec 
process accomplishes these major improve 


ments, 


1.Complete sludge digestion on an estab 
lished schedule. 


2.Complete and controlled gas production 





3. Maximum use of digester capacities. 


4. Accurate and regulated heating of digesi 
ing products. 





5. Efficient direct heat transfer. 






6. Economical and automatically controllec 


PUMP COMPANY 





















CHICAGO 14, ILLINOI 
Swing Diffusers, Stationary Diffuser: 
Mechanical Aerators, Combinatio 
Aerator-Clarifiers, Comminutors 








A low-cost Texaco surface 


for a Black Hills highway 






















The South Dakota Highway Department needed an 
intermediate-type of construction for 10 miles of State 
Route 24 in the Black Hills region. A travel plant and 
Texaco liquid asphaltic materials teamed up to give 
the State what it wanted—a serviceable, all-weather 
road at moderate cost. 

\ dense-graded aggregate was picked up by the 
travel plant from a windrow and mixed thoroughly 
with a Texaco Slow-curing Asphaltic Oil. The 
mix was spread evenly over the base and com- 
pacted, providing a tough, waterproof surface 
two inches thick. Texaco Rapid-curing Cut- 
back Asphalts were used to prime the base 
and to seal the new surface. 

This South Dakota project is another ex- 


212 (Vol. p. 796) 





b+ 799 Goa 


THE TEXAS COMPANY, Asphalt Sales Dept., 135 E. 42nd Street, New York City 17 


Boston 16 ¢ Chicago 4 ¢ Denver 1 ¢ Houston 1 ¢ Jacksonville 2 ¢ Minneapolix 3 ¢ Philadelphia 2 ¢ Richmond 1% 


Texaco Slow-curing Asphal- 
tic Oil and aggregate were 
mixed by travel plant in sur- 
facing of this 10-mile sec- 
tion of South Dakota's 
Route 24 in the Black Hills 
area. Work done by the 
Northwestern Engineering 
Company, Rapid City, S.D. 


ample of the variety of ways in which Texaco Asphalt 
Cements, Cutback Asphalts and Slow-curing Asphaltic 
Oils are successfully employed in the construction of 
roads, streets and airports. There are two reasons why 
your Texaco Asphalt pavement will stand up under 
whatever traffic and climatic conditions it is called 
upon to serve: (1) The experience of almost half-a- 
century goes into the refining of Texaco Asphalt prod- 
ucts; (2) Every Texaco Asphalt material is a 
product of scientifically selected crudes. 


Two helpful booklets covering all types of 
isphalt road and street construction can be 
had without cost or obligation by writing 


our nearest office. 
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Minimize 
PITTING 


Eliminate | 
PATCHING *& : 






The Wonder Grease for Concrete Forms 


| peop: of whether you use steel or wooden forms for concrete work — you OILS and 
can apply Globe Form Grease by spray, brush, or swab. This time-tested GREASES 
paste emulsion will reduce peeling and pitting to a minimum when forms are for every purpose 
removed, and practically eliminate patching. DIESEL 

Due to its special adhering qualities, Globe Form Grease requires only a thin STEAM 
coating for utmost effectiveness. In fact, one gallon adequately covers approxi- AUTOMOTIVE 
mately 200 square feet! And in addition — Globe Form is stainless, leaves a whiter Write for descriptive 
smoother surface, and eliminates the need for painting. a 

Why not write for full particulars today? Once you use Globe Form Grease, 
you'll understand why engineers and contractors hail it as the “wonder grease” "p Nr) Gur Laboratory 
for concrete forms. Facilities are 

RYMSER always at your 
disposal 


BORNE, SCRYMSER COMPANY  cuzssetu,ns. - cuartorte, nc. 
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Puerto Rico builds homes at rate faster than continental United States. 
Nuevo housing development shows a community of more than 30,000 created in less than 
It is said to be one of largest private housing projects in world. 


four years. 


This airview of Puerto 


Inter-American Convention Previewed 


MEETING SCHEDULED FOR SAN JUAN, PUERTO RICO, NOVEMBER 12-15 


Puerto Rico will be the setting for the 
Inter-American Convention, scheduled 
under sponsorship of the Puerto Rico Sec- 
tion for November 12-15 as part of the 
ASCE Centennial of Engineering celebra 
tion. San Juan, the capital city where the 
convention is to be held, is served by sev 
eral large airlines, with daily flights to and 
from New York, Miami, Chicago, Buenos 
Aires, Rio de Janeiro, and other large 
cities, and is a principal port-of-call for 
most steamships lines entering Caribbean 
waters. Transportation within the island 
is convenient and modern 

The Condado Beach Hotel, selected as 
convention headquarters, is prepared to 
accommodate a large number of dele 
gates, and the new ultra-modern 
Caribe Hilton and other first-class hotels 
Rates for rooms dur 


and 


are also available. 
ing the convention will be $7 and $7.50 a 
day for single rooms and $9 and $10 for 
double rooms and suites. Prices are on 
the European plan basis. Information on 
hotels and reservations can be obtained 
from the Convention Hotel Committee 
P.O. Box 2297, San Juan, Puerto Rico 

An Inter-American Program is being 
prepared by the Program Committee, 
with emphasis on participation by engi 
neers from South and Central America as 
well as from all parts of the United States 
and from Puerto Rico and her sister 
islands. With delegates expected from 
practically every nation in the Americas 
it is believed that the convention will 
prove a meeting place for the engineering 
minds of the continent. 
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Che inaugural meeting is scheduled for 
the morning of Wednesday, November 12. 
echnical sessions will be held Wednesday 
afternoon, Thursday morning, Thursday 
afternoon, and Friday morning. Several 
sessions of the ASCE Technical Divisions 
will run concurrently during some of these 
periods. The Technical Divisions that 
will probably be represented with one 
or more sessions each are the Construc- 
tion, City Planning, Highway, Air Trans- 
port, Soil Mechanics and Foundations, 
Structural, Power, Sanitary Engineering, 
and Engineering Mechanics. Members of 
the Student Chapter at the University of 
Puerto Rico will conduct one or more ses 
sions Open to visiting students and dele 
gates on Friday, November 14. 

Special activities planned for the ladies 
include a social call on the First Lady of 
Puerto Rico, Dona Ines Munoz Marin, at 
Fortaleza. For both the engineers and 
their lady guests the high spot in the non 
technical part of the program will be a 
two-day tour through the beautiful in- 
terior and coastal range of the island 
rhis tour, planned for Saturday and Sun- 
day, will show visitors the reason why 
Puerto Rico is called the Island of En- 
chantment An over-night stopover in 
modern hotels on the south coast with a 
visit on Sunday to the College of Agricul- 
ture on the west coast will give visitors an 
opportunity to become realiy acquainted 
with the island 

The complete convention program will 
be published in the October issue of 
Crv1L ENGINEERING 





Society News 

(Continued from page 198) 

of their first affiliation with the Society 
follow : 


Flad, Edward ‘85 Guppy, Benjamin Wilder 


Carroll, Eugene ‘88 ‘91 


Tibbals, George A. "88 Abbot, Frederick W 
Tibbals, S. G. '88 liam "91 
McCulloh, Walter ‘88 Sherman, Charles Win 
Pierson, George S. "8% low "91 


Baum, George ‘92 
Comstock, Charles Wor 
thington "92 


Miller, Spencer '89 
Moses, John C. '90 
Cummings, R. A. "00 


Jacoby, H. S. "90 Vereance, William Bur 
Jordon, William Freder net "92 

ick "91 Wing, Frederick Kelly 
Walker, Clement Isaac 92 

"91 Sjostrom, Ivar Ludwig 
Burr, Edward ‘V1 92 


Manual on Job Evaluation 
and Salary Surveys Issued 


To help engineers, and more particu 
larly civil engineers, understand the 
principles of job evaluation, the construc 
tion of salary schedules, and procedures 
involved in making a salary survey, th« 
ASCE Committee on Salaries has pri 
pared a new Manual (No. 30) on Job 
Evaluation and Salary Surveys. Origi 
nally intended as a revision of Manual No 
24 on Surveys of Highway Engineering 
Positions and Salaries, which was pub 
lished in 1941, Manual No. 30 has been 
expanded to include all material essential 
to the handling of salary problems. 

One of the three sections comprising 
Manual No, 30 describes six separately 
recognized methods of evaluating posi 
tions (jobs); another discusses the con 
struction of salary schedules; and the 
third describes in great detail a method of 
making a salary survey. There are 16 ex 
hibits, including a three-page selected 
bibliography. The 79-page, 6 x 9 publica 
tion sells for $2, with half price availabl 
to members of the Society. Copies are 
obtainable from the Executive Secretary 
of ASCE, 33 West 39th Street, New York 
18, N.Y. 


Scheduled ASCE Conventions 


SAN FRANCISCO CONVENTION 
San Francisco, Calif., March 2-7, 
1953 
MIAMI BEACH CONVENTION 


| Casa Blanca Hotel 
June 17-19, 
1953 


NEW YORK CONVENTION 


Hotel Statler 
October 19-23 
1953 


(More Society News on page 218) 
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1901-1952 


Construction Service 


for over half a century 


BATES & ROGERS 
CONSTRUCTION CORPORATION 


GENERAL CONTRACTORS 
CHICAGO SAN FRANCISCO 





Railroads—Bridges—Dams 
Tunnels—Power Plants 
Industrial Buildings 
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Even in the days when 
norse-drawn street cars 
were trying to hold out 
against the new-fangled 
‘trolleys”, Kinnear Roll- 
ng Doors were a favorite 
of long standing. 


f modern, functional 
uilding design like Cin- 
innati’s famous new 
errace Plaza Hotel, 
innear Rolling Doors 
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At the turn of the century, Kinnear’s files held 
an scores of letters from enthusiastic users of Kinnear 
———— Rolling Doors. And there has been a steady stream 


| 









of user-approval ever since. 

The smooth, easy, space-saving efficiency, protec- 
tion and durability of the Kinnear-originated, all- 
metal, interlocking-slat design was quickly ap- 
proved in every phase of industry and commerce. 
But the company that made these doors was another 


strong factor in their universal acceptance. 
Very trl: w* . . . . . . 
per Kinnear has specialized in building upward-acting 
hy doors exclusively. And to do this one job thor- 
j 





oughly, they have always maintained a nationwide 
network of able, reliable representatives, offering 





full cooperation with engineers and builders. Also, 
Kinnear’s trained construction crews have been tak- 
ing full responsibility for Kinnear Door installa- 
tions when desired. And to complete this service, 
records of every door sold are kept in fireproof 
vaults, so that accurate replacement parts are always 
available. 

TODAY, “Kinnear” is synonymous with leader- 
ship in doors the world over, because of this satis- 
factory service to engineers and builders, and Satis- 
factory door performance for users everywhere for 


more than 50 years. 
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Respectfully yours, 
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Tomor2ow 


May 11th,1897 . 
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The KINNEAR Mfg. Co. 


OFFICES AND AGENTS IN ALL PRINCIPAL CITIES 
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March 26, 1937 
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Saving Ways in Doorways 


NNEAR 


ROLLING DOORS 





Like the principle of the wheel, the principle of Kinnear Rolling Doors 
will be as “modern” tomorrow as it is today — and as it was yesterday. 
That principle, combined with long-proven reliability of the Kinnear 
Doors is a promise of the best door value in the years ahead. 








1080-90 Fields Avenue, Columbus 16, Ohio 
1742 Yosemite Ave., San Francisco 24, Calif. 





FROM THE NATION’S 


CAPITAL 





JOSEPH H. EHLERS, M. ASCE 


This month we will review and evaluate 
several 1952 developments of interest to 
engineers as seen from Washington 


Legislation in 1952 


The outstanding legislative develop 
ment specifically relating to engineers 
was the passage of the Defense Produc 
tion Act Amendment of 1952 exempting 
from salary controls all 
gineers employed in a professional ca 
pacity." The immediate importance of 
this is, of course, that it may permit 
necessary and long overdue adjustments 
in salaries of some engineers. But for the 
long pull another aspect is of equal or 
greater importance. This new develop 
ment is recognized as an important gain 
for the profession in respect to legislative 
recognition wherein engineers are listed 
alongside lawyers and doctors as entitled 
to full professional status. Interpretation 
No. 12 of the Salary Stabilization Board 
recognizes a professional engineer as of 
full professional status in definitions use 
ful for indicating that status in other 
laws and regulations. 

Senator Flanders remarked on the floor 
of the Senate, ‘‘The professional engineer 
does not simply perform a routine duty, 
no matter how well it must be done. He 
is a creative person, and we cannot apply 
salary controls to such a man.” 

Even the vice-chairman of the Salary 
Stabilization Board in a speech opposing 
the exemption said, “The amendment 
which endeavors to exclude from stabili 
zation all engineers on the grounds that 
they are professional people like lawyers 
and doctors, on the face seemed to present 
a reasonable argument. But unfortun 
ately engineers constitute the most criti 
cal manpower shortage with which the 
defense effort is faced today."’ 

All of this should be good ammunition 
when we are again called on to battle for 
complete professional recognition in other 
legislation and in executive department 
regulations. 

An Armed Forces Reserve Act (P.L. 
176) was passed, dealing with the subject 
in rather general terms. It failed to in 
clude certain provisions for the protection 
of engineers which had been suggested by 
Engineers Joint Council. Further con 
sideration should be given to this matter 
in the next Congress to insure that en 
gineering talent will be directed to the 
most productive uses. 


professional en 
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Field Representative ASCE 


In the rush for adjournment several 
bills of interest to the profession failed 
of final passage. 

rhe bill designed to correct the situa- 
tion resulting from the decision in the 
“Wunderlich” case, which was passed by 
the Senate, failed to be brought to a vote 
in the House because of the hasty 
adjournment. The Associated General 
Contractors took vigorous action in re- 
spect to this measure. ASCE and AIA 
There would appear to be a 
good chance of enacting this legislation 
early in the next Congress, as legislators 
generally viewed it as equitable and meri 
torious. It relates to the “disputes 
clause’’ in government contracts which 
gives the contracting officer arbitrary 
powers in deciding disputes. It is of 
importance both to contractors and to 


also assisted 


engineers. 

rhe economic status of the engineer 
could be aided by one of several bills con 
sidered in the 82nd Congress. Engineers 
Joint Council presented testimony on the 
Individual Retirement Act, H.R. 4371. 
An allied bill would permit deduction 
from income-tax base of sums used to 
purchase certain government bonds. It 
will not be easy to secure passage of such 
legislation. Joint consideration with the 
architectural, legal and medical societies 
is essential. These bills failed to emerge 
from committee in the 82nd Congress. 
Another possible development being dis 
cussed by an EJC committee involves a 
proposal that self-employed professional 
persons be made eligible under social 
security laws. 

The next Congress will undoubtedly 
national water policy. The 
Bureau of the Budget has worked out 
proposals for submission to Congress. 
EJC will be relied on to continue its as 


consider 


ASCE MEMBERSHIP AS OF 
AUGUST 8, 1952 


Members : 8,215 
Associate Members 10,406 
Junior Members 16,386 
Affiliates... .. 68 
Honorary Members 37 

Total...... . 35,110 
(August 8, 1951 ; 32,739) 


September 





committees 


sistance to Congressional 
in formulating legislation. 


Construction Controls in 1952 


Each month of this year has seen im 
portant changes in DPA and NPA con 
trols on construction. Although the 
total construction for 1952 will be of 
record proportions when we include 
military installations, some types of con 
struction were badly handicapped by 
materials shortages and controls. Early 
in the year the lookout was dark. The 
situation with respect to supplies of the 
three basic critical metals has now im 
proved so greatly that we may reasonably 
hope our troubles are nearly over. 

Steel-making facilities are now capable 
of greatly expanded production and, ex 
cept for specialties such as nickel-bearing 
stainless steel, will cease to be a deterrent 
to construction 

Copper and aluminum are no longer 
considered limiting factors in construc 
tion as they have been in the past. The 
increased availability of foreign copper 
made possible by price adjustments and 
the increased facilities for 
aluminum have eased the situation in 
respect to these two critical metals 

As the shackles fall from the industry, 
we may look for splendid advances in 
highway, bridge, public works and build 
ing construction. 


Inter-Society Activities in 1952 


producing 


Certain important inter-society activi 
ties come within the purview of the Wash 
ington office from time to time, particu 
larly relations with organizations that 
make Washington their headquarters. 
An outstanding and appropriate feature 
of the Centennial year was the organiza 
tion, and exceptionally successful initial 
meeting, of the Joint Cooperative Com 
mittee of ASCE and AIA. It has been 
obvious for some time that the similar 
interests of these two professional groups 
in legislative and executive department 
matters, as well as in purely technical 
work, required closer liaison. The Joint 
Committee has proposed some compre 
hensive coordinating measures commenc 
ing in the universities with Student Chap 
ter activities and possible joint thesis 
work. Arrangements are being made for 
an exchange of views in respect to pro- 
posed legislation and other activities 

A splendid manifestation of this feeling 
of unity was the featuring of a special 
ceremony and exhibit designated ‘‘The 
Re-Union of Engineering and Architec 
ture’’ at the recent convention of AIA 
This was along the lines of activity which 
the Joint Committee is encouraging. It 
was particularly designed to mark the 
one hundredth anniversary of ASCE. 


Washington, D.C. 
August 5, 1952 
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j WESTERN'S 
CAISSON PILES 


IN ADDITION TO THE STEEL SHORTAGE, unusually 
difficult soil conditions created a problem in con- 
structing the pile foundations for the Warehouse 
and D Annex Buildings of the Westinghouse Elec- 
tric Corp. plant in East Pittsburgh. 

THE CLAY WHICH EXTENDS from below the fill to 
just above the rock is interspersed with layers of 
soft shale; and a water-bearing sand-gravel layer 
directly overlying the rock made standard types 
of open caissons impossible. WESTERN, in coopera- 
tion with Stone & Webster engineers, solved the 
problem and saved a large amount of steel by using 
WESTERN’S all-concrete caisson-piles. 

THE CAISSON-PILES were designed for capacities 
up to 450 tons each. WESTERN installed 191 con- 
crete caisson-piles to complete the first section of 
this job. Upon completion of the superstructure, 
WESTERN will install foundations for the second 
section of the Annex Building. Since the piles rest 
on the shale bedrock, any possibility of future set- 
tlement is eliminated. 

DO YOU HAVE A FOUNDATION PROBLEM? 
WESTERN will be glad to place at your disposal the 
advice of competent engineers who have handled 
every type of foundation problem successfully for 
many years. Ask for brochure illustrating and de- 
scribing WESTERN piles and services. 


COMPLETE FOUNDATIONS FOR EVERY TYPE OF HEAVY CON- 
STRUCTION. SPECIALISTS IN SHEETPILE AND COFFERDAM WORK. 


D Annex and Warehouse Buildings of the Westinghouse 
Electric Corp. plant in East Pittsburgh 


WESTERN FOUNDATION CORPORATION 


308 W. Washington St., Chicago 6, Ill. ° 2 Park Avenue, New York 16, N. Y. 
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NEWS BRIEFS... 





Northwestern Engineers Celebrate ASCE Centennial 


Word of a West Coast celebration of the 
Centennial of Engineering comes from Port 
land, Oreg., where on August 9, thirty engi 
neering societies participated in a Northwest 
Engineering Centennial. A joint proclama 
tion of the governors of Idaho, Oregon, and 
Washington urged participation in the cele 
bration for its commemoration of the ‘‘on« 
hundreth anniversary of the founding of the 
first national society of engineers in the 
United States—the American Society of 
Civil Engineers,"’ and because it “‘generally 
marks one hundred years of unprecedented 


industrial regional growth of the Pacific 
Northwest.”’ 

The all-day program included a review of 
engineering progress in the Pacific North 
west and a symposium on the future of the 
engineer and his responsibility to society, 
with talks by Stanley A. Easton, president 


of the Bunker Hill and Sullivan Mining 
Co.; Col. T. H. Lipscomb, E. C. Sammons, 
and Dr. Tully C. Knoles 


A highlight of the program was the pres 
entation of an award to Herbert Hoover, 
Hon. M. ASCE, who was cited “‘the engineer 


Chesapeake Bay Bridge is Opened to Traffic 


Phe $45,000,000 Chesapeake Bay Bridge, 
the first to link the Del-Mar-Va peninsula 
with the Maryland mainland, was formally 
opened to traffic on July 30. In addition to 
connecting the two parts of the state, the 
project forms a vital link in a north-south 
route that bypasses Philadelphia, Baltimore, 
and Washington 

Over three and a half years in the building, 
the bridge spans the Bay narrow from Sandy 
Point to Kent Island near Stevensville, 
connecting with U.S. Route 50 at each end 
It consists of four different kinds of spans 
through cantilever, two deck cantilevers, 
truss With an 
miles, including the ap 


suspension, and overall 


length of 7.73 
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28-ft-wide, two-lane project 
is exceeded in length by only two other over 
water structures—the San Francisco-Oak 
land Bay Bridge and the James River 
Bridge at Newport Cost of the 
bridge will be financed by tolls, ranging 
from $1.40 for a passenger car and driver, 
plus 25 cents for each passenger, to $5 for 
heavy trucks. These rates are similar to 
charges for the ferry crossing, which will 
be discontinued 


proaches, the 


News 


The project, which was described in the 


May 1951 issue of Civit ENGINEERING, 
was built by the Maryland State Roads 
Commission rhe J. E. Greiner Co, of 


Baltimore, designed and supervised con 
struction of the proj 
ect, and fabrication 
and erection of the 
steel were handled by 
the Bethlehem Steel 
Co. 


Governors of Dela- 
ware and Maryland 
lead dedication pro- 
cession over new 
$45,000,000 Chesa- 
peake Bay Bridge, 
first to link Maryland's 
Eastern Shore with the 
mainland. Tower of 
1,600-ft suspension 
span rises in back- 
ground. Four differ- 
ent kinds of spans are 


utilized in project, 
which has overall 
length of 7.73 miles. 


citizen of the past century.”’ In the major 
address of the evening dinner meeting, the 
former President urged the country to stim 
ulate scientific experiment as a means of 
cutting down inflation. Terming the present 
shortage of engineers “a great national 
problem,"’ Mr. Hoover said, ‘““We do not 
have enough engineers in incubation to 
carry on the nation’s work. We need 
60,000 new technologists a year to supply 
national needs. Our engineering graduates 
have dropped from 50,000 in 1950 to 38,000 
in 1951, and the students in training indi 
cate less than 30,000 next year.”’ 

He said that one reason for the drop is 
the fact that a young mechanic with three 
years of training, during which he is paid, 
can earn more than a young engineer with 
six years of training and three years more 
of experience’ He recommended that the 
industries themselves consider their respon 
sibility to aid promising boys upon whom the 
‘future existence of industry depends.” 

The Northwest Engineering Centennial 
was sponsored by the Professional Engi 
neers of Oregon, with the cooperation of 
the Professional Engineers of Idaho and 
Washington. 


New Funds to Advance 
Missouri Flood Control 


A long step toward completing major 
flood-protection projects of the Corps of En- 
gineers aimed at preventing recurrence of 
disastrous Missouri River floods will be 
taken in the coming year with appropria- 
tions passed by Congress and just signed by 
the President. In an analysis of project ap 
propriations totaling $90,827,000 for the 
fiscal year beginning July 1, 1952, Brig. Gen 
D. G. Shingler, Missouri River division en 
gineer, said the new funds will enable the 
Corps to carry Garrison Dam in North 
Dakota to 62 percent of completion by next 
July, and Fort Randall Dam in South 
Dakota to about 77 percent of completion 
Substantial progress will be made on Gavins 
Point Dam near Yankton, S. Dak., for 
which ground was broken this spring, with 
an appropriation of $7,750,000. Continued 
progress on a smaller scale will be possible at 
Oahe Reservoir near Pierre, S. Dak., for 
which $3,000,000 was appropriated 

Funds totaling $5,000,000 provide for ini 
tiation of construction on the Tuttle Creek 
Dam in Kansas. The only other new work 
for which the Corps received construction 
funds was a local flood protection project at 
Havre, Mont., for which an initial appro 
priation of $350,000 was made. 


September 1952 e CIVIL ENGINEERING 





AEC C 
Oak R 


Aware 
expansic 
don’s ga 
Tenn., a 
M. W. 
$464,00¢ 
puilt by 
Dayton, 
contract 
granium 
construc 
McGrav 
cording 
of the wv 
ander fi 

Archi 
plannin; 
include 
engaged 
constru 
Lundy, 
the higt 
and sw 
Chemic 
Carbide 
plant a 


Natur 
To Se 


Follo 
Federal 
Transn 
pipeline 
homes | 
siana 1 


Si 


Constr 
speede 
provide 
and se 
LF-192 
major ! 
inforce 
4 ‘yd 
where 

frames, 
Finke, 

which 

Major 

Rumse’ 


MacRa 


CIVIL 





major 
zy, the 
stim 
ns of 
‘esent 
‘onal 
D not 
m to 
need 
ipply 
uates 
8,000 
indi 


Op 1s 
three 
paid, 
with 
more 

the 
pon 
n the 


INnial 
ingi 
n of 
and 


AEC Contracts to Expand 
Oak Ridge, Paducah Plants 


Award of construction contracts for 
expansion of the Atomic Energy Commis 
don’s gaseous diffusion plants at Oak Ridge, 
Tenn., and Paducah, Ky., 
M. W. Boyer, AEC general manager. A 
$464,000,000 addition at Oak Ridge will be 
built by the Maxon Construction Co., of 
Dayton, Ohio. At Paducah, the prime 
contract on a $459,000,000 addition to the 
plant now under 


is announced by 


uranium-235 separation 
construction has been awarded to F. H 
McGraw & Co., of Hartford, Conn. Ac 
cording to Mr. Boyer, a substantial part 
of the work at both sites will be performed 
under fixed-price subcontracts 

Architect-engineer firms already at work 
planning and designing the new facilities 
include Giffels & Vallet, Inc., of Detroit, 
engaged on design and supervision of plant 
construction at Paducah, and Sargent & 
Lundy, Inc., of Chicago, who are designing 
the high-voltage power-distribution systems 
and substation. The Carbide & Carbon 
Chemicals Co., a division of the 
Carbide & Carbon Corp., will operate both 
plant additions 


Union 


Natural Gas Pipeline 
To Service New Area 


Following recent authorization of the 
Federal Power Commission, the Texas Gas 
Transmission Corp. will build a 408-mile 
pipeline to carry additional natural gas to 
homes and industries in an area from Loui 
Ohio The program, 


siana to expansion 





Seattle’s Alaskan Way 


speeded for completion late this year 


inforced concrete job in city’s history. 


where loads are emptied in buckets. 


MacRae Brothers of Seattle 
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Viaduct Nears Completion 


Construction of Seattle’s $10,000,000 Alaskan Way Viaduct is 
Double-decked structure will 
provide 2!/2-mile elevated north-south bypass of downtown Seattle 
and serve as artery for traffic on U.S. Highway 99. 
LF-192 trucks equipped with concrete mixer bodies are playing 
major role in construction of project, which is largest municipal re- 
Concrete is transported in 
4'/.yd agitator bodies from central mixing plants to pouring sites 
Cranes, mounted on Gantry 
frames, then hoist bucketed concrete to project levels. 
Finke, M. ASCE, Seattle city engineer, is engineer on project 
which is being financed by city, state, and Bureau of Public Roads. 
Major contractors include Morrison-Knudsen Company, Inc., and 
Rumsey and Company, joint venturers on one schedule, and 
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which will cost an estimated $33,700,000, 
will permit transporatation of an additional 
240,000,000 cu ft of natural gas a day to 
more than 30 distributing utilities in Loui- 
siana, Arkansas, Mississippi, . Tennessee, 
Kentucky, Indiana, Illinois, and Ohio 
The 26-in. pipeline will be built in six sec 
tions from near Bastrop, La., to a point 
near Louisville, Ky 

The project includes two new compressor 
stations near Shreveport, La., and Dillsboro, 
Ind., with a total of 26,860 compressor 
horsepower 


International Mapping 
Experts Meet in Washington 


A cooperative mapping program on an 
international scale was outlined in a recent 
week-long International Mapping Confer- 
ence held at the Army Map Service of the 
Corps of Engineers in Washington, D. C., 
under the sponsorship of the Assistant Chief 
of Staff, G-2, Department of the Army. 
The conference, the largest of its kind to be 
held in Washington, was attended by map- 
ping experts from European countries en- 
gaged in a cooperative mapping program, as 
part of the western European defense plans. 

Papers reviewing and analyzing work 
ilready accomplished on the overall inter- 
national mapping program were presented 
by delegates from a number of Western 
European countries, with the objective of 
promoting greater coordination and stand- 
ardization in mapping procedures and pro- 
duction. Col. John G. Ladd, commanding 
Officer for the Army Map Service, presided 
at the conference and, with other officials of 
the Service, presented the American posi- 
tion on the current international mapping 
program 





World’s Largest Well Pumps 
Built for Rocket Research 


Largest deep-well turbine pumps ever built 
are in production at Pomona, Calif., pump 
works of Fairbanks, Morse & Co. for use by 
Air Force in its rocket research program. 
Four of these giant turbine pumps are being 
installed at rocket research base at Tulla- 
homa, Tenn. Each of 48-in. units is 42 ft 
long, weighs 30,000 lb, and can pump 
25,000 gpm. Special 2,000-hp motor is 
required to drive each pump. In photo- 
graph one of mammoth pumps is contrasted 
with ordinary 6-in. turbine pump in fore- 
ground at right 





International 


Ralph W. 
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Construction Activity in July Reaches New High 


Expenditures for new construction in 
July reached the record total of almost $3.1 
billion, according to preliminary estimates 
of the Building Materials Division of the 
U. S. Department of Commerce and the 
Labor Department’s Bureau of Labor 
Statistics. The record dollar volume of 
work put in place indicated that the steel 
dispute had little adverse effect on the tempo 
of on-site operations during the month 
According to the joint agencies, the full 
effects of the shutdown will probably not 
be felt until later months 

The July figure topped the June level by 
3 percent and that of July last year by 7 
percent. Seasonal advances in all major 
categories brought the private construction 
total to nearly $2 billion. Half the private 
total consisted of outlays for new residential 
building, which were up 4 percent from last 
July. In the public sector, defense con 
struction remained at high levels. High 
way construction, however, rose less than 
usual for the time of year because of small 
and spotty cutbacks in activity due to 
scarcity of steel. Even so, the dollar 
volume of highway work was 12 percent 
above the July 1951 figure. Total public 
expenditures for new construction amounted 
to $1.1 billion in July 1952 

New construction expenditures for the 
first seven months of this year, estimated 
at $18 billion, were about 5 percent above 
the amount for the same period of 1951 
A slightly lower volume of private outlays 
was more than offset by a 24 percent in 
crease in the level of public expenditures 
Nevertheless, the 1952 total for private 
construction was twice as great as that for 
public—$12 billion, as against $6 billion. 

Compared with a year ago, expenditures 
in the January-July period were down 6 per 
cent for private residential construction and 
more than one-third for commercial build 
ing, despite recent increases. But factory 
building, despite the completion of impor 
tant phases of industrial expansion, and 
privately financed public utilities showed 
substantial gains over the year 


Work to Start on Additional 
San Diego Water Supply 


Relief for water-short San Diego County, 
California, is a step nearer with an an 
nouncement from E. A. Moritz, M. ASCE, 
director of Region 3 of the Bureau of Recla 
mation, that invitations to bid for the first 
stretch of the San Diego Aqueduct’s second 
barrel are being issued by the Bureau. The 
contract will include construction of 31 
miles of concrete pressure pipeline of 95-cfs 
capacity extending from near Hemet to 
Rainbow, Calif. The specifications allow 
730 days for completion of the work. 

Paralleling the first barrel, which was 
placed in operation in November 1947, the 
second barrel will start at the equalizing 
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Federal spending for military, atomic 
energy, and defense plant facilities was the 
most important factor in boosting the public 
construction total for the first seven months 
of this year. Highway construction, educa- 
tional building, and conservation and devel- 
opment projects were somewhat above last 
year’s levels for the comparable months, 
but outlays for sewer and water facilities 
were off 8 percent 


NEW CONSTRUCTION ACTIVITY 
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July construction expenditures reach record 
total of almost $3.1 billion, topping June 
level by 3 percent and July 1951 total by 7 
percent, according to Department of Com- 
merce curves 


reservoir near the western outlet of the San 
Jacinto tunnel of the Colorado River Aque- 
duct. It will extend southward 71 miles to 
empty into the San Vicente Reservoir. 
The additional barrel will increase the rated 
carrying capacity of the aqueduct from 85 
to at least 165 cfs, more than doubling its 
present annual capacity. 

Construction of the second barrel is pro- 
vided in an agreement between the Depart- 
ments of the Interior and Navy. The Bu- 
reau of Reclamation will be in charge of the 
work, with funds to be provided by the 
Navy. Upon completion, the project will be 
turned over to the San Diego County Water 
Authority which, with the Metropolitan 
Water District of Southern California, will 
operate and maintain it. Repayment with 
interest is to be made to the government 
over a 40-year period, 
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Gulf Freeway in 
Texas Dedicated 


Completion of the 50-mile Gulf Freeway 
between Houston and Galveston, Tex., 
was marked by dedication ceremonies on 
August 2. Construction costs of the $28,-. 
643,000 concrete superhighway were shared 
by the state and federal governments, with 
rights-of-way paid for by the City of Hous- 
ton and Harris and Galveston counties 
The first contract on the Freeway was let 
in 1946 for the first three-mile seetion within 
the Houston city limits. This three-mile 
urban section, plus another six miles that 
have since been completed, has already 
carried 252,000,000 vehicle miles of traffic 


Highway Definitions 
Adopted by AASHO 


Availability of mimeographed standards 
of highway nomenclature, adopted by the 
American Association of State Highway 
Officials during the past few years, is an- 
nounced by the AASHO. Parts I and I 
contain terms applicable to highway types 
and general highway definitions; Part III 
refers to traffic terms; and Part IV, adopted 
in January 1952, covers right-of-way ter 
minology 

The compilation, which is the work of a 
special AASHO Committee on Nomencla- 
ture, may be obtained from the Executive 
Secretary of AASHO, 917 National Press 
Building, Washington, D.C. 


Aluminum Company Expands 
Its Davenport, lowa, Works 


A huge new rolling mill, costing approxi- 
mately $4,500,000 and capable of producing 
extra-wide tapered sheet and plate for air 
craft, will be installed at the Davenport, 
Iowa, works of the Aluminum Company of 
America in 1953. Equipment for the mill, 
which will be one of the largest and most 
modern in the aluminum industry, will be 
designed, installed and operated by ALCOA 
under the terms of a lease arrangement with 
the Air Materiel Command of the U. S. Air 
Force. 

The Air Force will have first call on pro- 
duction of the new mill, which will be re 
versible and capable of rolling widths up to 
10 ft through four-high stands of rolls, and 
of handling hot or cold inzots. Davenport 
was selected as the mill site because of the 
other ultra-modern facilities already there, 
such as large heat-treatment furnaces and 
wide continuous rolling equipment. Supple 
mentary facilities, including an intermediate 
leveller and pre-heat and aging ovens, are 
provided for under the government contract 
to complement the rolling mill. 
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Important savings in time, 
money and materials with 


CONCRETE FRAMES 
AND FLOORS 


These photographs illustrate one of the outstanding 
advantages of reinforced concrete frame and floor 
construction. They show how frame and floor work 
proceed simultaneously. This enables masons, 
plumbers, electricians and other tradesmen to do 
their jobs as the structural work progresses and 
results in substantial savings in time. 


Reinforced concrete construction also saves money 
and materials. It requires a minimum of critical 
materials. Forms can be reused from floor to floor. 


Flat plate or slab band designs reduce or elimin- 
ate most of the headroom required for beams and 
girders in other types of construction. This saves 
about a full story in height on projects such as the 










Two views of Essex Apartment House in Indianapolis. Lower photo shows 
structural work at 9th floor, masonry work starting. Upper photo shows 
structural work ot top floor with masonry work completed to 9th floor. 
Merritt Harrison, architect; Fink & Roberts, structural engineers; J. L. 
Simmons Company, contractor. All are of Indianapolis. 


above—with accompanying savings in masonry, 
partitions, stairs, conduits, ducts and piping. 


Concrete frame and floor buildings are low in 
first cost, require little or no maintenance and give 
long years of service. The result is low annual cost. 
Such buildings also are sturdy, durable, firesafe. 


For help in designing and building reinforced 
concrete frames and floors write for free, illustrated 
literature. Distributed only in U.S. and Canada. 





PORTLAND CEMENT ASSOCIATION 
DEPT. 9-13, 33 WEST GRAND AVENUE, CHICAGO 10, ILLINOIS 
A national organizotion to improve and extend the uses of portland cement and concrete . . . through scientific research and engineering field work 
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New York Firm Retained 
On Seine River Bridge 


The New York firm of D. B. Steinman, 
M. ASCE, has been retained by a syndicate 
of French construction companies as con 
sulting engineer on the proposed $20,000,000 
Tancarville Bridge to be built by the Gov 
ernment of France over the lower Seine be 
tween Rouen and Le Havre. With a main 
span of 2,000 ft, the structure will be the 
largest in Europe 

The immediate engagement 
completing the design of the cables, anchor 
iges, and suspension system, preparing esti 
mates of quantities and costs, and assisting 
the contracting companies to prepare de 
tailed proposals and tenders. The official 
government specifications require the con 
tractors to guarantee the aerodynamic sta 
bility of the structure 


consists of 


New Nuclear Testing 
Facilities Authorized 


Construction of facilities related to the 
development of nuclear propulsion for air 
craft has been authorized by the U. S 
Atomic Energy Commission The new 
testing facilities, which are estimated to 
approximately $33,000,000, will be 
built at the National Reactor Testing Sta 
tion in Idaho. Construction is scheduled 
to begin this summer 

Preliminary design studies for the AEC 
ground test station have been performed by 
the Parsons-Macco-Kiewit Company, Los 
Angeles, Calif., under a subcontract with 
Electric. The Morrison-Knudsen 
of Boise, Idaho, has been awarded 
contract for the con 


cost 


General 
Co., Inc., 
i $107,242 low-bid 
struction and reconstruction of roads, and 
the construction of 
National Reactor Testing Station 


a disposal area at the 


Army to Build Seven 
Permanent Hospitals 


Construction of the first of 
permanent-type hospitals planned for Army 


seven new 


posts in this country will begin early next 
vear, according to a Department of the 
Army announcement The 
which will provide capacity for 


of 3,200 patients, represent the first step in 


new buildings, 
i minimum 


un Army program to transfer patients from 
cantonment-type built 
during World War II to modern, multi 
buildings. The largest of the new 
hospitals, Fort Dix, N. J., 
will have a 750-bed capacity, expansible to 
1,000 Smaller 


wooden, structures 


story 
to be erected at 


beds installations are 
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planned for Fort Benning, Ga.; Fort Bragg, 


N. C.; Fort Knox and Fort Riley, Kans.; 
Fort Belvoir, Va ind Fort Monmouth, 
N. J 


Philippine Improvements 
Are Authorized by MSA 


Earmarking of $6,000,000 in Mutual 
Security Agency funds for highway develop- 


ment in the Philippines and of $1,124,000 for 


Soil Analysis Saves $100,000 


Although foundation costs for the new 
Pinopolis Steam Electric Generating Station 
at Moncks Corner, S.C., are more than half 
a million dollars, they are about $100,000 
less than they would have been without 
the thorough soil analysis made by the low 
bidder on the job—the Daniel Construction 
Co., of Greenville, S C., and Birmingham, 
Ala. Other contractors bidding on the job, 
which was designed by the engineering firm 
of Ford, Bacon & Davis, Inc., planned to use 
steel sheetpiling and a complete well-point 
system to keep water from an adjacent canal 
out of the excavation work, raising the cost 
of the work more than $100,000 

Though the bottom of the excavation was 
more thar 14 ft below average water level 
and the foundation at one point only 20 ft 
from the bank of the canal, Daniel Company 
engineers, after careful analysis of the heavy 
Carolina marl soil strata, were convinced 





flood control and drainage projects is an 
nounced by Roland R. Renne, chief of the 
MSA in the Philippines The Philippine 
government will make an initial contribu 
tion of $2,000,000 to the road project, with 
more to be added as the work develops 
The highway project will be confined largely 
to Mindanao Island. The flood 
and drainage program will consist of 26 
individual projects, including 14 in Luzon 

The MSA has also authorized the Philip 
pine government to spend $590,000 for 
housing and food production projects and 
$225,000 for a laboratory and the improve 
ment and expansion of production and dis 


control 


tribution of rice and maize seed 


on Power Plant Foundation 


that it would form a wall adequate to hold 
back the canal water if the foundations 
could be gotten in with sufficient speed. It 
was found later that only two gasoline 
pumps were needed to keep the excavation 
dry enough for easy handling of equipment 
and materials 

The foundation is made up of a 9-ft-thick 
bottom mat of reinforced concrete, 130 by 
216 ft, which contains a series of tunnels to 
handle cooling water for the condensers 
The tunnels slope up through the concrete 
to the canal, further complicating work on 
the project. Concrete is being placed by 
Pumpcrete machines from a batching plant 
and an 800-bbl bulk cement plant. A con- 
tinuous feed of up to 450 yd per ten-hour day 
is placed with vibrators between 1'/»-in. rein- 
forcing bars placed 3 in. apart. By vibra 
tors */,-in. aggregate with a 2'/:-in. slump 
is then flowed into this mat in three layers 





Foundation of Pinopolis Steam Electric Generating Station at Moncks Corner, S.C., extends 
42 ft below surface and 13 ft below canal bottom. Without aid of thorough soil analysis 
no contractor would have dared risk project without steel sheetpiling which would have 


added about $120,000 to cost 


September 
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tion steel bridges, skyscrapers, in- 
sii dustrial plants, institutional 
lations buildings and power plants. 
ora The broad experience and 
vation complete facilities of this 
ies 56-year old company are 
Agra available to you—any time, 
nels to anywhere. On your next 
nanihs structural steel project, why 
“f not call Fort Pitt Bridge first? 
plant geht aie 
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ur day 

vee “There is no Substitute 
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for Structural Steel” 


"Steel Permits Streamlining Construction with 
Safety, Endurance and Economy” 
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/ BRIDGE WORKS 


Member American institute of Steel Construction 
al Offices, Pittsburgh, Pa. - Plant at Canonsburg, Pa. 


District Offices: 
NEW YORK, NEW YORK CLEVELAND, OHIO DETROIT, MICHIGAN 
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Groundwater sources supply about 15 mge 
for public and industrial use, with addi 
tional supplies potentially available 

Free copies of the report, which has bee: 
issued Survey Circular 17; 
are obtainable on application to the Direc 


tor, U.S. Geological Survey, Washington 25 
DC 


Mobile Electric Set Relieves Power Crisis 


is Geological 


Decline in Housing 
Starts in June Noted 








J 


A total of 106,000 non-farm housing starts 
was made in June, according to preliminary 
estimates of the U. S. Labor Department's 
Bureau of Labor Statistics. Despite th 
fact that June was the fourth consecutiv: 
month this year in which more than 1,000 
000 new, permanent non-farm dwellings unit 
were started, the June figure was exceede 
substantially in 1950 and 1951 when a large 
number of publicly owned units were started 
It also represents a decline of about 1 (0 
units from the May total. 

The preliminary estimate of volume for 
the first six months of the year, placed at 
567,500 units, is about 4 percent under the 
final January-June 1951 figure. Private 
housing starts alone totaled over half 
million units (523,500) for the first half of 
the year—just 5,600 units under the 195) 
volume for the same period. Publicly 
owned housing placed under constructior 





Recent power failure at South River, N.J., proves value of Caterpillar Tractor Company's 
To relieve overload on municipal power plant after breakdown of 
its main generator, emergency electric unit, shown above, was dispatched from nearby 
Philadelphia to South River, where it provided additional power needed to carry commun- 
Set consists of 315-kw generator driven by 500-hp diesel engine 
Output is 60-cycle alternating current, three-phase 
Radio-telephone connection keeps unit in constant 


new mobile electric set 


ity through emergency. 
both mounted in van-type truck trailer. 
on either 2,400 or 4,160-v transmission. 





contact with the home office for continuous control in emergency areas. 


Steel Exports in 1951 
Went to New Markets 


Sharp changes occurred in the amount of 
iron and steel shipped to foreign countries 
last year, according to a release from the 
American Iron and Steel Institute based on 
of Commerce data. Canada 
remained the largest importer of iron and 
steel products from the United States, 
receiving nearly 1.2 million tons, an in 
crease of approximately 340,000 tons over 


Department 


Although the total tonnage exported im 
1951 (3,277,000 tons) represented an in 
crease of 14 percent over 1950 exports, it 
was lower than in any other year, except for 
1950, since 1939, 


Buffalo-Niagara Water 


this year has been declining in volume since 
March, and the total for the first six months 
of 1952 (44,000) units was 28 percent under 
the January-June 1951 total 


New Traffic Interchange 
Facilitates Turnpike Use 


Recent opening of the final section of th 
Newark-Jersey City traffic interchange, in 
cluding the bridge crossing of Raymonc 
Boulevard in Newark, will expedite vehicu 
lar traffic to and from the New Jersey Turn 


1950. Mexico was the second largest Resources Held Ample pike. The interchange is one of the most 
customer, taking 256,000 tons These important on the turnpike, serving the 
’ ‘ 5 IV, ; , i trialize » le -Trsev 
countries, with Cuba and some Isthmian An abundant supply of water of goo highly rye = northern or Jer ~ 
' : Seep 3 : : . fides acce ‘ m th 

nations, purchased about half the total chemical quality is available in the Buffalo se . - ee “rw or a -_ rs 
tonnage exported as compared with 43 Niagara Falls, N.Y., area, according to re Newark business and industrial districts, the 


percent in 1950 

South America replaced Europe as the 
second largest consuming continent, receiv 
ing more than 588,000 tons in 1951 as com 
pared with less than 400,000 tons the previ 
year. Venezuela purchased 198,000 
tons, and Brazil 120,000 tons. Exports of 


ous 


sults of a survey recently reported by th« 
U.S. Geological Survey. Use of water in th« 
region for public and industrial supplies is 
about 1,700 mgd, or less than 2 percent of 
the potential supply of the region. Th« 
Niagara River, the principal source of sup 
ply, is capable of supplying 125,000 mgd 


Bayonne and Jersey City area, and also the 
Holland Tunnel for traffic to and fron 
downtown New York. 

The number of vehicles using the turnpike 
in the first eight months of operation ts 
10,040,125, according to Paul L. Troast 
chairman of the Turnpike Authority. This 
means a daily average of 46,000 vehicles 





iron and steel products from the United an amount sufficient to supply 70 percent of : : 

States to Europe came to 430,000 tons, 20 the estimated daily use of water in the twice the number estimated Revenue: A 
percent less than during 1950. Asia ranked United States for all purposes except power produced from tolls amounted to $9, 0757 ; 
fourth in 1951 with the purchase of 407,000 Moderate supplies may also be obtained which is also about double engineers’ est A 
tons, more than one-quarter of it going to from smaller streams in the area, such as mates. E 
Iraq in the form of pipes and tubes. Towanda Creek and the Buffalo River Wore News Briefs on page 230 
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Save TIME! Save Labor! Save MONEY! 


Now 


ROUND COLUMNS 
of Concrete 


At Lower Cost! 


FORMED WITH \ 
a my? wz . LAMINATED 
pat. APP falas FIBRE FORMS 


For one time use 







SONOTUBES are being used by engineers, architects and 
contractors in an ever widening range of construction for 
concrete columns, piers, piles, underpinning, culverts, etc. 
Available in 19 sizes from 3” to 24” 1.D., up to 24’ long. 
These light weight forms are easy to handle and require 


minimum bracing. SONOTUBES can be sawed to exact 





lengths on the job. Technical data available upon request 


- 











RIGHT — Sonotubes 
were used to beauti- 
fy elementary schoo! 
entrance in Athens 
Ga. A typical use 
where strength and 
beauty is desired 


x. 





LEFT — CBS Tele- 
vision Center, Los 
Angeles. Pereira and 
Luckman, Archi- 
tects. Photo by Ezra 
Stoller for CBS. An 
outstanding example 
of SONOTUBE ap- 
plication 





Write for Complete Information and Prices 


ABOVE—A 24” SONOTUBE and concrete pouring at the eis} tis) “ee Pr ODUCTS C OMPANY 
Pierce G Phelps Company building, Philadelphia, Pa Construction Prodacts Biclsion 
Architects are Hunt G Gregory. Construction by Robert HARTSVILLE. $.C. MYSTIC, CONN. GARWOOD,N.J. BRANTFORD. ONT 


E. Lamb. Photo by E. Troiani. Note minimum bracing . . 
DISTRIBUTORS WANTED—Write for details. 





P PAPER LARRIERS] 
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Strain gage tests of an 80 ft. 
H-Section all-welded truss of 
@ new type developed by 
Civil Engineers in Austin's 


Research Division. 


ee | 


ai 


\ 


\ 


ENGINEERING 





The Profession with Ever-Expanding Horizons 


On the 100th Anniversary of professional Civil Engineering in America, pride 
in these illustrious years of service should not obscure the attractive future of 


Civil Engineering for young men who wish to pioneer. 


Civil Engineering—although the parent of such engineering offspring as 


chemical, electrical, mechanical, and mining—is a vigorous centenarian 





The Austin Company—National Headquarters, Cleveland 


Engineering, although based 
on much research and theory, 
aiways reaches its culmine- 
tion in the field of practicality. 
To check construction and 
erection techniques, as well 
as to confirm the basic theo- 
ries, Austin recently made ex- 
tensive tests of 40 and 60 ft. 
prestressed concrete girders. 
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When writin 
Surveyor s Not 


—_— 





Comdr. Richard Black headed 
Antarctic East Base, 1939-41. 


Surveying uncharted Antarctic 
areas, engineer reads azimuth 
with Gurley plane table outfit. 


“Since many of us headed straight for the 
Armed Forces, little was said about the sur- 
veys of the U. S. Antarctic Service Expedition 
of 1939-41,” says Richard B. Black, Com- 
mander of East Base. “But surveying and map- 
ping were two of our main jobs. 

“The work could be done only in the Ant- 
arctic summer, from September to March; and, 
even then, weather was really rough. We were 
plagued by snow and condensation on our 
telescope lenses, until the men rigged up de- 
flection hoods for the instruments. 

“On the Antarctic Ice Cap, we found the 
surface very unstable—the slightest movement 
threw off the instruments. We got around this 
with a triangular platform of light plank for 
the tripod, so the men could move about. 

“We had Gurleyinstruments with us at East 
Base. J. Glenn Dyer, from the General Land 
Office, built a back harness for carrying his 
transit up mountains and for skiing. One time, 
near the Eternity Range, Glenn had just nego- 
tiated a high ridge and lost his footing. He slid 
down an eighth of a mile, wearing through the 


oo ask als 
k’’ stories, is 
0. on fyll details on G 
letin 


instruments. 
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Precision Weights and Measures, 
Making Facilities, Aeronautical Navigating Instruments, Meteorological Instruments. 
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W. & L. E. GURLEY, 518 FULTON STREET, TROY, N. Y. 


Surveying and Engineering Instruments, Hydraulic Engineering Instruments, Standard 
Paper and Textile Testing Instruments, 


Pitt 
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seats of two pairs of pants. But the Gurley was 
not damaged at all. 

“*East Base discovered more than 1500 nau- 
tical miles of coastline; mapped and observed 
250,000 square miles of new area. 

“When it came time to leave, the ice had not 
broken sufficiently for our ships to get through. 
So we flew out, leaving valuable equipment 
behind. When I wound the 30-day clock, I knew 
it would tick on as the only man-made sound 
on a lifeless continent. Later, an Argentine 
expedition found our Gurley instruments and 
sent them back to the Land Office in Washing- 
ton. They are now in Alaska, I understand— 
still doing their job.” 





An interesting account of Arctic surveying, 
tips for using instruments under many rugged 
conditions, and all other stories from the first 
year’s ““Surveyor’s 
Notebook” series have 
been gathered together 
in permanent booklet 
form. Write for your 
free copy of “The Sur- 
veyor’s Notebook.” 
Thousands of surveyors 
are finding it helpful. 


©ies2 W.al. &. GURLEY 


Reticle 


Instrument Maker | 
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Said to the only 
bridge of its kind in 
the world, this new 
center supported 
one-carrier structure 
is being built for 
pedestrians across the 
Rhine-Herne Canal 
near Wanne-Eickle, 
Germany. The sin- 
gle supported struc- 
ture is 200 ft long, 
and was designed by 
Wilhelm Haupt, of 
the Dortmund Bru- 
eckenbau Co. Wide 
World Photo 





COLUMN 


R. Robinson Rowe, M. ASCE 


History will record that the 150th meeting 
of the Engineers Club of Esseyeville wa 
held in Chicago, as a part of the convocation 
of all distinguished engineering organiza 
tions upon the occasion of the Centennial 
of the American Society of Civil Engineers 
But it won't record that Prof. N. G. Neare, 
Josephus Kerr and Calvin Klater discussed 
the serially quadriform phalanges of Numer 
ypolis with Eulerian rigor and Gaussian 
precision 

“Say something, Joe,”’ was the Profes 
sor’s opening 

“A nice evening for phalanges,’’ answered 
Joe Kerr. “I wish you'd check my equa 
tions before I tell you my answer. Using 
letters for the number of phalangites along 


the side of each formation, I wrote 


g? + 5b? = g?: c? + d*? = h®; e2 + f? = 7? (1 
af+h+ Qa G+ee+fP=ak . (2 
a* + b? + c? + d*? + e? + f? = m?* s. (@ 


Chat is, you ask that six pythagorean rela 
tions be satisfied in order to find x, the total 
number of phalangites?”’ 
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New Type of Bridge Built in Germany 





rhat’s right, Joe, and since | asked 
How many phalangites must there have 
heen ?’, x should be a minimum.” 

“Which I can satisfy witha = b) =c = 
dmexmfageh meizjzk=m=x= 


g 
0,” quipped Joe, “so that the whole parade 
was just a bad dream.” 

“Qwert yuiop etaoin shrdlu....” 
tered the Professor 

‘Watch out for your blood 
Noah,”” warned Cal Klater 
was born of defeatism He 
written (2) and (3) as 


sput 


pressure, 
“Joe's jibe 
should have 


+ ¢? j?; d? + @? = R?: 7? + k* = m? (4 


0 that his six pythagorean relations were of 
the pons-asinorum type. Then (1) and (4) 
can be satisfied in an infinite number of 
wavs by synthesis, that is, in this case, by 
multiplying primitive sets like the 3-4-5 
triangle by a square scale factor. For ex 
imple, this set used twice with scale factors 


of 32 and 5® could give 9? + 12? = 15° and 
15? + 20° = 25°, satisfying the two equa 
tions involving a-b-g and g-r-j7. Later 


these could be multiplied by still another 
scale factor if necessary in the satisfaction 
of the other equations. For a least set, I 
found 242 + 32? + 967 + 72? + 81? 4 
108? = 185% = 34,225, the required num 
ber.’ 

“Checking unpublished 
population of 34,226, as the mavor stood 
alone in the reviewing stand,”’ added Pro 
“My analytic method, while 
more direct than Cal’s synthesis, is less fun, 
so I won't burden you with it. Now Joe 
and I are going to run out to see the Cen 
tennial while Guest Professor Flo 
Ridan assigns the next lesson.”’ 

“It’s a lesson in laboratory hydraulics,” 
explained Flo. “The differential orificom 
eter consists of two cylindrical tanks, one 
ibove the other, discharging freely thru 


Numeropolis’ 


fessor Neare 


sights 


September 





circular orifices cut in their bottoms. Cross 
sectional areas are 6 and 2 sq [t, respec 
tively, for upper and lower tanks, 3 and 4 
sq in. respectively for upper and lower ori 
fices. In a calibrated run, the stage in the 
upper tank dropped from 148.84 to 53.29 in 
What was the final stage in the lower tank 
if it stood at 33.64 in. initially?” 


[Cal Klaters were: Richard Jenney, Flo 
Ridan (Charles G. Edson and also Guest Pro 
fessor), and S. L. Dum (Thomas Borman 
If the early deadline for this Centennial issu 
caught other contributions en route, they will be 
acknowledged in October 


Contract Let for Signal 
Corps Depot Construction 


Award of a $16,353,282 contract for con 
struction of a U. S. Army Signal Corps 
depot at Tobyhanna, Pa., to the Merritt- 
Chapman & Scott Corp., of New York, is 
announced by Col. Walter Krueger, Jr., 
district engineer for the Philadelphia Dis- 
trict of the Corps of Engineers. Major 
work under the contract entails the con 
struction, complete with mechanical and 
electrical equipment, of 19 buildings with a 
total volume of about 50,000,000 cu ft, 
utilities, and site improvements. First work 
on the project, one of the largest in the 
United States, was started last June with 
the award of a separate contract for site 
grading and drainage 


U.S. Air Force Expands 
Production Facilities 


A general contract for the construction of 
new aluminum forging facilities at Newark 
Ohio, for the U.S Air Force’s heavy press 
program has been awarded to Darin & Arm 
strong, Inc., of Detroit, by the Kaiser Alu 
minum & Chemical Corp. The contract 
calls for construction of the principal heavy 
press plant and auxiliary buildings covering 
360,000 sq ft, press foundations, and instal 
lation of machinery and equipment at an 
estimated cost of $11,555,000. Built on the 
site of the Kaiser Corporation’s rod, bar, 
wire and cable works, the Newark plant ts 
part of a $389,000,000 Air Force program 
for mass production of large aircraft parts 
with mammoth forging and_ extrusion 
presses. 

Construction is scheduled to begin this 
summer and be completed in approximately 
15 months. Smith, Hinchman & Grylls, 
Inc., of Detroit, is architect-engineer for the 
project. 
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parison 
are a few of the reasons why: 


SIZE AND STRENGTH TO MATCH THE JOB. Seven dif- 
ferent Bucyrus-Erie excavators are included in the %- 
to 4-yard range of gas, diesel and single-motor electric 
machines. Each is designed as an entirely separate 
model. Materials and construction are specified for best 
results in each size. Complete facilities permit use of 
either welded or cast steel, plus special heat treatment, to 
meet design requirements and to provide extra long life. 


PROVEN PERFORMANCE. Bucyrus-Erie design balance 
ties in all the phases of the operating cycle smoothly 


The record shows there’s one line of excavators that owners, 
operators and maintenance men use most as a standard of com- 
one line they prefer most. That's Bucyrus-Erie, and here 


and efficiently for maximum output. Examples of this 
performance: yardage wise owners have bought more 
10-B's than any other ¥% yd. excavator; more Bucyrus- 
Eries for rock than any other make. 


SERVICE — WHERE AND HOW YOU WANT IT. There 
ore 63 Bucyrus-Erie distributors throughout the nation 

. one of them near you. Featuring expert mechanics 
and genuine Bucyrus-Erie parts, they're your assurance 
of fast, dependable service. 


BUCYRUS-ERIE COMPANY 
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Oil and Gasoline Tanks 





Structural Steel 


Wind Tunnels 
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Elevated Tanks 


Designers 
Fabricators 


Erectors 


STEEL... 


PITTSBURGH 
“DES MOINES 





A national service in steel construction is 
provided for industries and municipalities 
by Pittsburgh-Des Moines. Three complete 
plants, each with its own engineering, 
fabricating and construction divisions, offer 
strategic advantages in prompt handling of 
requirements. The scope of our activities is 
suggested by the illustrations. For further 
information, write for our detailed Com- 
pany brochure. Consultation, if desired, 
will be arranged gladly, without obligation. 


PITTSBURGH*DES MOINES STEEL CO. 


Plants at PITTSBURGH, DES MOINES and SANTA CLARA 


Soles Offices at 


PITTSBURGH (25 3470 Neville Island 
NEWARK (2 251 Industrial Office Bidg 
CHICAGO (3), 1274 First National Bank Bidg 
LOS ANGELES (48), 6399 Wilshire Bivd 


DES MOINES (8), 971 Tuttle Street 
DALLAS (1), 1275 Praetorian Bidg 
SEATTLE 578 Lane Street 
SANTA CLARA, CAL. 677 Alviso Road 
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Steel Plate Construction 
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Steel Reservoirs 


























A Turquoise blue print 
speaks for itself: 


“TURQUOISE pencils and 


leads made with 
g 


100% ‘Electronic’ graphite sure ; Co ee 
, : —_—_____—_____ 7A a e/a le 
make life easier for draftsmen. rE 


. S clididiaatesiaiiaigtimitdlaimenenea’ 
And as for us blue prints . . . 
we look snappier than 
ever before.” 
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“Every line now 
stands out in 
clear contrast . .. 
sharp-edged 


and uniform.” 





“Every figure is plainly legible. 
Erasures come clean, and 
leave no ‘ghosts’. I’m so easy to 

read that guess-work and mistakes 
are eliminated.” 
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“No wonder I say . . . no wonder 
everyone is saying... 


Hooralafor 100% ‘Electronic’ Graphite!” 


‘*ELECTRONIC’ GRAPHITE is Eagle’s trade name 
for a blend of purest crystalline graphites, 
reduced to micronic fineness in our exclusive 


Attrition Mill. 
By compacting millions more of these tinier particles F 
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into every inch of lead, it makes smoother, stronger, 
NON-CRUMBLING NEEDLE POINTS... 
and denser, sharper, more uniform lines that WS Wesa=er Le 


reproduce to perfection. ba I 


PROVE IT YOURSELF. Write us for a sample 


of the new TURQUOISE in any degree you desire. 






*“CHEMI-SEALED” coxcee 


TURQUOISE 


DRAWING PENCILS AND LEADS 












EAGLE PENCIL COMPANY + NEW YORK + LONDON + TORONTO 
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NEWS OF 
ENGINEERS 





A. A. Anderson, former manager of the 
Highways and Municipal Bureau of the 
Portland Cement Association, has been 
uppointed chief highway consultant of the 
Association, with headquarters in Chicago 
Mr. Anderson has been with the organiza 
tion since 1923 


E. G. Nielsen, assistant regional director 


of the U.S. Bureau 


of Reclamation, will 
succeed E. A. Moritz 
E. G. Nielsen 


as regional director of 
the Bureau's Region 
3 with headquarters 
at Boulder City, Nev 
Mr. Moritz is retiring 
after service with the 
Federal reclamation 
program dating back 
to 1905, but will re- 
main as a consultant 
to the USBR 





Guy Bonney is retiring from the engineer- 
ing department of the Aluminum Company 
of America, Pittsburgh, Pa., and will make 
his home in Virginia 


Ralph N. Brescia, lieutenant, CEC, USN, 
formerly stationed at the U.S. Naval Hos 
pital in St. Albans as resident officer in 
charge of construction of permanent hospi 
tal facilities, has been designated resident 
officer in charge of construction for the new 
Grumann plant facilities at Calverton, Long 
Island, N. ¥ 


William H. Correale is now 
chief engineer in the Bureau of Construc 
tion of the New York City Board of Educa 
tion, under John P. Riley. He was formerly 
connected with the firm of Moran, Proctor, 
Mueser & Rutledge of New York City 


serving as 


W. W. DeBerard, Chicago city engineer, 
recently honored by Northwestern Univer 
sity, has also been awarded a distinguished 
service citation by Beloit University. Mr 
DeBerard is an Honorary Member of ASCE 


Haywood G. Dewey, Jr., former executive 
officer of the 32nd Engineer Construction 
Group, now on the way back to the United 
States, has been awarded the Bronze Star 
for meritorious service in Korea 


Gavin Hadden, civil engineer, announces 
his change of address from 206 East Jefferson 
St., Falls Church, Va., to 1411 Key Drive, 
Alexandria, Va 


Harold W. Giffin, director and chief engi 
neer of the New Jersey State Highway 
Department, Trenton, N.]., has been named 
chief engineer of the newly created State 
Highway Authority to construct the Garden 
State Parkway in New Jersey 
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Barclay A. Greene, president of the 
Gunite Concrete and Construction Co., of 
Kansas City, Mo., announces the creation of 
a refractory linings division in the company. 


Mark E. Thomas, consulting engineer of 
San Jose, Calif., is the new sanitation engi- 
neer for District 11 in Santa Clara County, 
Calif. 


Herbert D. Vogel, colonel, who recently 
became division engineer of the Corps of 
Engineers’ Southwestern Division at Dal 
las, also takes over as chairman of the Ar- 
kansas-White-Red Basins Inter-Agency 
Committee, and will serve as a member of 
the Board of Engineers for Rivers and Har 
bors, and as Department of the Army rep- 
resentative on the International Boundary 
and Water Commission for the Rio Grande 


William Whipple, colonel, engineer for the 
Third Army Headquarters, Fort McPher- 
son, Ga., for the past year, has been as 
signed to the Chief, Army Engineers office 
in Washington, to become executive officer 
of the Civil Works Division 


Jonathan E. Teal, chief of the way and 
structures section, Railroad Transport Divi- 
sion, Defense Transport Administration, has 
been granted a six-month leave of absence 
to enable him to accept an engineering 
assignment with the Joint Brazil-United 
States Commission for Economic Develop- 
ment. During this period Mr. Teal will 
be an associate of Gibbs & Hill, Inc., con 
sulting engineers of New York City, assist 
ing in a comprehensive program for the de- 
velopment of power resources and the re 
habilitation of the transportation system 
of Brazil as part of the Point IV Program 


Daniel A. O’Keen, associate engineer on 


leave from Malcolm Pirnie Engineers of 
New York, will go to the University of 
North Carolina this month to substitute 


for Prof. Herman G. Baity, now serving as 
head of the division of environmental sani- 
tation, for the United Nations’ World Health 
Organization 


Warren Mann, sales manager for Armco 
Drainage & Metal Products, Inc., Atlanta, 
Ga., has been promoted to the position of 
division manager, succeeding Howard See. 
Mr. Mann is now serving as president of the 
Georgia Section 


John J. Manning, vice-admiral, CEC, 
USN (retired) is retiring as president of 
James Stewart & Co., Inc., New York con 
struction firm, and will be chairman of the 
board 


Sigmund Roos has resigned his position 
as head of the structural engineering de- 
partment of Clarke-Rapuano, consulting 
engineers of New York City, and has opened 
in office for the practice of structural engi- 
neering. His office is located at 144 East 
30th Street, New York 16, N.Y 


Ernest Couloheras, CEC USNR, 
recently recalled to active duty. He was 
last employed as assistant chief engineer 
of the Board of Levee Cofnmissioners at 
New Orleans, La 


was 


September 





Lynn W. Pine, colonel, Corps of Engi 
neers, has recently assumed duties as assist- 
ant to the Deputy G-4 (Logistics), Depart- 
ment of Army, in Washington, D.C. Colo- 
nel Pine was formerly assistant chief of the 
Theater Branch, G-4 Plans Office 


John H. Porteus, until recently assistant 
chief design engineer in the machinery divi- 
sion of the Dravo Corp., in Pittsburgh, Pa., 
has been appointed chief engineer of the 
Luria Engineering Co. He will make his 
headquarters at the company’s steel fabri- 
cating plant in Bethlehem, Pa. 


Ren G. Saxton recently retired as head of 
the school of civil engineering at Oklahoma 
Agricultural & Mechanical College, a post 
he has held since 1923. He will continue his 
teaching duties as professor of civil engineer 
ing and act as head emeritus of the school 
Prof. Roger L. Flanders, a member of the 
civil engineering faculty since 1925, has been 
appointed acting dean of the school. 


Fred N. Severud, senior partner of the 
consulting firm of Severud-Elstad-Krueger 
of New York, has been awarded the Frank 
P. Brown medal of the Franklin Institute 
Formal presentation will take place at the 
Institute’s Medal Day ceremonies in Phila 
delphia, on October 15. He will receive 
the honor “in consideration of his outstand 
ing engineering accomplishments in the 
field of building construction.” 


Joseph B. Converse, president of J. B 
Converse & Co., Inc., of Mobile, Ala., is 
serving as a District Governor of Rotary 
International for 1952-1953. 


Theodore J. Kauer, of Columbus, Ohio, 
has resigned as director of the Ohio State 
Highway Department, to accept appoint- 
ment as chief engineer of the newly created 
Ohio Turnpike Commission on construction 
of a superhighway across the state 


George L. Blanchard and Paul Rogers 
are president and vice-president of a newly 
formed organization, Intercontinental Tech 
nical Enterprises, Inc., located in Chicago, 
Ill. The firm will specialize in the promo 
tion and marketing of new engineering pat 
ents, methods, and practices which are 
well known and established abroad. 


Leo H. Corning, manager of the structural 
and railways bureau of the Portland Ce 
ment Association, has been appointed direc- 
tor of promotion. Thor Germundsson, 
structural engineer with the Association, 
takes over Mr. Corning’s former position 


William W. Carlton, head of William W 
Carlton and Associates, engineers and archi 
tects of Cincinnati, Ohio, now on duty with 
the Military Construction Division of the 
Office, Chief of Engineers, has been desig- 
nated the Department of Army representa- 
tive to accompany members of the U. $ 
Senate Armed Services Committee on a tour 
of overseas bases 


Michael A. Spronck, former associate 
editor of Contractors & Engineers Monthly, 
now holds the same position on the staff of 
Construction Equipment. Mr. Spronck was 
also recently appointed editor of The Transt, 
the publication of Chi Epsilon 
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after arrival at 
co River site, 
376 ft. long, 82 
wide, 15 ft. deep 


“ . . , : 4 
ship, and un- Fig Mc hee § Henwtibs 
ing begins. Two ae Ui 
nal units make 


epier 1130 ft. long. — 


, 4 matter of HOUR 


sea-going dock-barge 
lifts itself and becomes 
ore and cargo pier 
ready for berthing ships 


Field work is practically eliminated in dock construction, 
however remote, due to the development of the patented 
DeLong jack. 


The DeLong jack was first used in the construction of 
drilling platforms in the Gulf cf Mexico several years ago. 
A DeLong dock has been in use for over a year at an Arctic 
installation, successfully withstanding the blows of waves, 
wind, ice, and the berthing and unloading of ocean going 
vessels. Another installation nearing completion is the 
Orinoco Mining Company’s new ore and cargo handling 
wharf on the Orinoco River. Composed of three units, the 
Orinoco pier will be 1,130 ft. long, 82 ft. wide and 15 ft. 
deep. More than % million sq. ft. of the DeLong type of 
pier are in use or under construction. 
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The DeLong air jacks, which are the key to the whole trans- 
formation of barge to pier, enable the dock to “climb” the 
steel columns, or caissons, to required elevation. After the 
self-lifting operation, caissons are driven to refusal for 
permanent installations. Caissons are welded to deck and 
cut off flush; then tops closed with welded cover plate. 


The DeLong air jack method of installation can cut time 
and costs in the construction of offshore oil well drilling 
platforms, portable and permanent piers, etc. A DeLong 
dock can be erected and, after having served its purpose, 
jacked back to water level and towed to a new location. 


eLong 


DECCO INTERNATIONAL CORPORATION — Sey 
29 BROADWAY, NEW YORK 6, N. Y. 
Phone: HAnover 2-1275 ee 


WASHINGTON 5, SEATTLE, CARACAS, SAN FELIX, 
WASH. VENEZUELA VENEZUELA 
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RAFTING Costs go down when you use Koda- 
D graph Reproduction Materials to protect 
valuable drawings from wear and tear. . . to re- 
claim old, soiled, faded originals ...to revise or 
combine drawings ...to copy prints. 

And the legibility of your direct-process prints 
or blueprints goes up when you use Kodagraph 
reproductions of your drawings in print-making. 
For Kodagraph Materials are silver sensitized. 
photographic . . . have the ability to intensify weak 
detail... 


creases. And they pass on this improved quality 


step up contrast... drop out stains, 


to the final prints. 


If you have a blueprint or direct- 
process machine or vacuum frame 


You can produce positive photographic interme- 


diates directly from your engineering drawings by 





ut drafting costs... 
Get better prints... 


with Kodagraph Reproduction Materials . .. 
created for use in your present equipment 


reproducing them on any one of four types of 
Kodagraph Autopositive Materials. To do the job 
—simply expose in your present equipment . . . and 
process in standard photographic solutions. No 
negative step. No darkroom handling—a fast, con- 


venient room-light operation all the way. 


1. Kodagraph Autopositive Paper Extra Thin —the 

all-purpose intermediate material for everyday 
gives you intermediates on a durable, white 
Intermediates which will turn out 


use — 
paper base. 
crisp, clean blueprints and direct-process prints 
time after time ... which will retain their line 
density and sharpness... and which will remain 
photo- lasting i in the files. 


2. Kodagraph Autopositive Paper Translucent... 
has an exceptionally durable and translucent paper 
. and a print-back speed which is 30% 
faster than regular Autopositive—an important 
advantage in large-volume print production. 


base . . 


3. Kodagraph Autopositive Film—with its highly 

translucent Kodak safety film base—is especially 

valuable in reclaiming * ‘hope ‘lessly poor” tracings 

... and in reproducing extreme ‘ly fine line detail. 

It is also widely used to re produc e catalog pages, 
etc., including half-tone illustrations. 


4, Kodagraph Autopositive Cloth — is recom- 
mended for producing the most durable prints 


(nearly exact in scale) from drawings in good 


condition. Its base is white fabric—tough, crease- 
resistant, highly translucent. 


Kodagraph Repro-Negative Paper, which 
processed in the same manner as the Autopositive 
Materials and with the same speed and con- 
venience, enables you to produce positive inter- 
mediates directly from blueprints, Van Dykes, and 
other negative “originals.” 
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if you have any type of contact photocopying ma- 
chine, you can get negative and positive reproductions of 
improved quality at lower cost with Kodagraph Contact 
Paper. Its high-contrast photographic emulsion produces 
photocopies which are easier to read . . . with dense pho- 
tographic blacks, clean whites. And its extremely wide 
latitude and amazing uniformity end the need for split- 
second timing and trial-and-error testing. 

Kodagraph Contact Cloth, with an extremely durable, 
translucent base and with similar emulsion character- 
istics, is widely used to produce long-lasting second 
originals from paper negatives. (Unwanted design detail 
on these negatives can be blocked out before printing. ) 





Increase protection ... save 98% in filing space with 
Kodagraph Micro-File equipment. The advantages of 
modern microfilming are yours at surprisingly low cost 
with Kodagraph Micro-File equipment. 

Whether your engineering department be large or 
small, you will find a precision-built, economical micro- 
filming unit just right for your requirements. One that 
will record your valuable drawings with photographic 
accuracy and completeness on Kodagraph Micro-File 
Film—instantaneously . . . for a few cents apiece. 

Kodagraph Film Readers give you fast, convenient 
reference ... with 100% legibility. And the Kodagraph 
Enlarger allows you to produce facsimile prints in the 
desired size quickly and economically from your micro- 
film negatives. A complete line—developed and manu- 
factured by Kodak for the utmost precision, convenience, 
and economy in your microfilming. 





if you have an enlarger, projection printer, or process 
camera, Kodagraph Projection Papers will give you sharp, 
clean reproductions at any scale — dense photographic 
blacks, sparkling whites on a durable, Kodak-made paper 
base. Just the papers you need for reproducing your micro- 
film and other reduced-scale negatives! 

Kodagraph Projection Paper can be printed at high 
speeds and processed under comparatively bright work- 
room light. Kodagraph Fast Projection Paper can be 
printed at highest speeds but must be processed under 
low illumination. Kodagraph Projection Cloth is the ideal 
material for producing extremely durable and fast-printing 
positive intermediates from reduced-scale negatives. 





















Kodagraph Reproduction Materials and Equipment 


For short cuts, savings, protection ... in drafting and engineering 


Write today for a free copy of 
“Modern Drawing and Docu- 
ment Reproduction.” It gives 






complete details on the revolu- 
tionary line of Kodagraph Repro — 
duction Materials, which you, or 
your local blueprinter, can process Company 
Street 


| 
| 
| 
conveniently, economically. I 
Also many important facts on | P 
—s | City 
; 
I 
| 
! 


Kodagraph Micro-File equipment. 


—— MAIL COUPON FOR FREE BOOKLET ———————————— 
EASTMAN KODAK COMPANY 
industrial Photographic Division, Rochester 4, N. Y. 


Gentlemen: Please send me a copy of your illustrated booklet 
giving the facts on Kodagraph Reproduction Pri ducts. 
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Zone State 
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Former Vice-President, 
Henry J. Sherman, Dies 


Henry John Sherman (M. '‘12) senior 
member of the engineering firm of Sherman, 
Taylor & Sleeper, 
Camden, N.J., died at 
his home in Moores 
town, N.J., on July 
29 He was 8&2 
After graduating from 
Lehigh University in 
1890, he 
two years in the engi 
neering department 
of the District of 
Columbia, and four 
years in the Philadel 
phia Department of 


served for 





Henry J. Sherman 


All-welded viaduct .. . 


This article begins on page 180 


(Continued from page 185) 


present-day mill practice, it 1s im 
practicable to make a four-side in 
spection the surface inspection is 
made after arrival at the fabricating 
plant. The steel is also checked, after 
arrival at the fabricating shop, for 
heat numbers and surface imperfec 
tions. Before starting fabrication all 
shop equipment is checked to see 
that it is adequate to handle the job. 

The contract requires that all work 
manship shall conform to the Stan 
dard Specifications of the Division of 
Highways, which in turn require 
that all welding, the welding proce 
dure, and the qualifications of opera 
tors conform to AWS Standard Speci 
fications. In these specifications the 
use of low-hydrogen rod and of 
semi-automatic and automatic sub 
merged-are welding is required. All 
welding operators are given sufficient 
time to practice and master the 
necessiry technique for this type of 
welding. 

Before any welding is performed 
on the main structure, a procedure 
test, composed of destructive and 
non-destructive tests, is required. 
This test consists chiefly of checking 
the deposited metal for soundness 
and structure. 

Preheating, as specified on Unit | 
of the structure, ranges from remov- 
ing the chill up to 300 deg F, being 
governed by the thickness of metal, 
design, and the rate of cooling. The 
preheating temperature was con 
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Public Works. He entered private practice 
in 1895, becoming a member of the firm of 
Haines & Sherman in 1900, and in 1923 head 
of the successor firm of Sherman & Sleeper 
Mr. Sherman had served the state of New 
Jersey in several capacities—as chief engi 
neer of the New Jersey Inland Waterways, 
member of the Board of Engineers on the 
Erosion and Protection of New Jcriey 
Beaches, and consulting engineer to the 
Board of Commerce and Navigation. Mr 
Sherman served the Society as Director from 
1933 to 1935, and as Vice-President in 1949 
and 1950, and had been president of the 
Philadelphia Section. 


John Nagel (A.M. '10) retired civil engi 
neer of New York, N.Y., died at his 
home on July 6 at the age of 77. For more 
than a decade he served as superintendent of 
the Manhattan Beach Estates. Mr. Nagel 
was connected at various periods with con- 
struction of such projects as the Boonton 
Reservoir, the Clayton (N.J.) Central 


trolled by the use of Tempilstiks 
(a waxlike crayon, which has a rated 
melting point) and a surface contact 
pyrometer. 

The workmanship is controlled by 
standard shop practices. Experi- 
enced personnel supervise the fabri- 
cation. Practical methods are used 
to assure good welding. Welding 
inspection consists chiefly of non- 
destructive testing, mainly using the 
radiograph, trepanning, dye-check, 
and hardness limitations. 

The gamma ray is used in the shop 
whereas the X-ray is used in the 
laboratory. A portable Brinell hard- 
ness tester is used to control the 
hardness in the welded area. 

To maintain a minimum moisture 
content in the low-hydrogen rods, 
the shop has provided ovens which 
are maintained at 300 deg F. The 
rods are stored in these ovens for at 
least 2 hours before being removed for 
use. For field welding with the LH 
rods, it is proposed to use portable 
ovens that can be taken to the site of 
erection. 


Welding Here to Stay 


Welding in the field of bridge con- 
struction seems to be here to stay. 
It is one of the major construction 
tools in the hands of the structural 
engineer. Since the science and 
knowledge of welding are changing 
and moving forward with great 
rapidity, structural engineers should 
be too progressive to delay using 
welding as a structural tool until the 
last word has been written on it. 
Any hesitancy would be like waiting 
to build the first Ford until automo- 





School, and the sea wall at Long Beach Hy 
received his education at the City Colleg 
of New York 


Charles Frederick Parker (M. ‘l2) x 
tired engineer of San Antonio, Tex., died o; 
May 22, at the age of 78. Engaged iy 
private practice in San Antonio during his 
entire career, Mr. Parker was the head of 
Charles F. Parker & Co., dealers in build 
ing materials and contractors’ equipment 
He was a graduate of the Sheffield Scientifix 
School of Yale University 


Sigurd Olai Rogde (A.M. '39) engince: 
with the American Gas & Electric Servic 
Corp., New York, N.Y., died recently. Hy 
was 67 years old. From 1919 to 1923, Mr 
Rogde was associated with the Electric Bond 
& Share Co.; from 1923 until 1930 with the 
International Paper Co., as design engineer 
and from 1930 to 1933 with the Anglo Chil 
ean Nitrate Co., of New York. He was ther 


(Continued on page 244) 


tive engineering had advanced to its 
present status. 

Structural welding has many de 
sirable and economical applications 
However, other types of fastenings 
such as rivets or high-tension bolts 
should be given full consideration for 
each particular design. The struc 
tural engineer’s greatest needs today 
in the use of welding as a tool are 
the following: 


1. A revision in the properties oi 
ASTM A7 steel to make it more accept 
able for welding. 

2. A-specification for welded construc 
tion that covers the automatic and semi 
automatic submerged-are process as well 
as hand welding. 

3. A specification for heat treatment 
of structural members that is practical 
and economical for shop fabrication 

t+. An acceptable specification jor 
fabrication tolerances like that previously 
set up for rolled shapes. 

5. A standard and uniform practice 
of shop inspection and testing so that 
fabricating shops can estimate their 
costs with greater confidence. 


With the completion of all the 
units of the Division Street Inter 
change structure, it is hoped that a 
contribution will have been made to 
ward the practical application of 
welding as a tool for the structural 
engineer. 

(This article is based on the paper pr 
sented by Mr. Hollister before a joint se 
sion of the Structural Division and th 
American Instilute of Steel Construction 
presided over by R. N Bergendoff, member 
Executive Committee of Structural Division 
at the Centennial Convention in Chicago 


September 1952 e CIVIL ENGINEERING 














ch ric 
Col 


12) re 
died or 
ged i! 
ing his 
lead of 

build 
pment 


ientifix 


IZihect 
Service 
vy. He 
3, Mr 
> Bon 
ith the 
zineer 
» Chi 
s ther 


4) 1Ls 


cle 
ions 
lings 
bolts 
n for 
truc 
day 


| are 


NG 








Symons FORMING SYSTEM 


engineered to fit special needs... 














Mass Production Made Easy with Symons System 


Robert E. Judge, Concrete Contractor, Bellwood, Illinois 


400 concrete foundations were expertly framed in record time with Symons 
Forms. "Weather and material permitting, these 25’ x 32’ foundations were 
set up in four hours by three men,” stated the contractor. This rapid, econom- 
ical means of form erection can be accomplished because panels are 
standarized and the erection hardware, which consists of three basic 
pieces, is easily secured. 


Puree 





Reinforced Forms for High Walls, Fast Pours 


James Stewart, General Contractor, Chicago, Illinois 


Pouring of these high walls with pressures from 650 to 1500 pounds per 
square foot required Symons 34" Plywood Forms with steel ribs every 12”. 
These heavy duty forms allowed the use of additional ties where the pres- 
sure was the greatest. Setting up and stripping was executed at the lowest 
possible cost due to the Symons System of securing forms and ties in one 
operation. 





Setting Up Forms on a 16’ Battered Wall 


James Leck, General Contractor, Minneapolis, Minnesoto 


Ties were placed in position when outside forms were erected. After 
erecting steel, inside forms were set in place and secured to the ties. 
Battered walls are handled similar to vertical walls, the only difference 
being the variance in the length of ties. Symons provides any special length 
ties promptly at little or no extra charge. Scaffolding was secured with 
standard hardware. 





:  » 

| ame 
|_<~> Synms - 

|! SYMONS CLAMP and MFG. CO. 

| _ 4259 Diversey Ave. Dept.k2 Chicage 39, Ilinels 
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Please send information on Symons Forms 


Address 


City_ 


Setting Up Forms for Sewage Disposal Tank 


G. L. Tarlton, General Contractor, St. Lovis, Missouri 


Steel rib panels with V shaped fillers at each joint were employed. The 
connecting bolts used in joining two panels and for anchoring ties pass 
through these fillers. Reinforcing is placed prior to locking of outside forms 
to panel ties. Symons Forming System is a simple method of forming that is 
adaptable to straight walls, battered walls, curved walls and slabs. 
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USS Steel Sheet Piling used 
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LOOKING NORTHWEST from the air, this view shows construction progress on training 
wall, stilling basin and spillway monoliths at Chief Joseph Dam near Bridgeport, Wash. 
Cells of U-S’S Steel Sheet Piling keep the construction area unwatered. 


7 AXIS OF DAM 


L— ABUTMENT EXCAVATION 


DOWNSTREAM 
BLANKET 


a = 


UPSTREAM 8B 


oe ) iets ieee met 





FIRST STAGE 
COFFERDAM 


(Vol. p. 824) September 1952 e CIVIL ENGINEERING 

















CIVIL ENGINEERING e September 








and reused — 


for Chief Joseph Dam 





= 


NH 









HA AAATANIAAY 
RO 





¥ 





. 
MN) 


N the Columbia River, just 51 miles downstream 

from Grand Coulee Dam, the U.S. Corps of 
Engineers is directing construction of Chief Joseph 
Dam, scheduled to be second only to Grand Coulee 
in hydroelectric capacity. Since there was no prac- 
tical way of diverting the Columbia from its channel 
during construction, the spillway is being built inside 
huge cofferdams of U-S’S Steel Sheet Piling. 

In the first stage of construction, with Peter Kiewit 
Sons’ Co., as contractors, a cofferdam was constructed 
from the north bank to about the middle of the 
stream. The cofferdam consists of nine cells 50.93 
feet in diameter and 16 cells 63.66 feet in diameter 
with a maximum depth of 75 feet at the deepest 
point. 4,500 tons of MP-101 U-S’S Steel Sheet Piling 
and 200 tons of fabricated piling special tee pieces 
were used in this stage. 

The second stage, now being carried out by Chief 
Joseph Builders, calls for concrete work within the 
cofferdam, removal of this cofferdam, construction 
of a second cofferdam on the south side of the river 
and concrete work within it. Much of the U-S’S Steel 
Sheet Piling from the first cofferdam was reused in 


UNITED STATES STEEL COMPANY, PITTSBURGH, PA. 
COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO - 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


U-S°S STEEL SHEET PILING 
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the second stage along with an additional 1440 tons 
of MP-101 sections and 55 tons of tee pieces. 

Construction of cofferdams was carried on in high 
stream velocities. By using cells of U-S°S Steel Sheet 
Piling with auxiliary “blister’’ construction on the 
river side, river velocities of 35 to 40 feet per second 
during flood periods were withstood. 

The ability of U-S°S Steel Sheet Piling to with- 
stand repeated driving and extraction makes it the 
ideal material for jobs like this. It has the toughness 
and resilience to withstand rough handling and bat- 
tering during construction, as well as the stresses 
and impacts of service. 

U-S'S Steel Sheet Piling is a finished product ready 
for use as shipped. When interlocked and driven, 
the resulting wall is continuous, earth-tight and vir- 
tually water-tight to any depth to which the piling 
can be driven. 

For all types of cellular construction, as well as 
dock walls and wharves, bulkhead walls, cut-off and 
core walls and shore protection structures U’S’S 
Steel Sheet Piling deserves your consideration. Our 
engineers will be glad to discuss it with you. 


TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA, 
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Water Law in the U.S... . 


This article begins on page 112 


(Continued from page 117 


vater from further non-federai ac 
juirement on a basis similar to that 
under which public lands may be 
withdrawn from further entry. This 
‘laim should have been fully answered 
vv its rejection by the United States 


Supreme Court in Nebraska v. Wy 
oming (325 U.S. 589). 


Government Asserts Authority 


More recently the Federal Govern 
ment has asserted its “‘paramount 
authority”’ over all waters and has 
recently filed suit to establish such 
authority on a California stream 
in a proceeding known locally as the 
Fallbrook case. To date this contro 


Doctor %PROPS% 
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Simplicity of design — resulting from the experience gained 
in more than thirty thousand successfu! installations — coupled 
with sound engineering practice has produced %Proportion- ‘ 


eers% low cost, easy to install and operate Chemical Feeder. 
Thousands are accurately and dependably delivering water 


treating chemicals in almost every country in the world. 


FEATURES INCLUDE... 


@ Famous “See-Thru” molded plastic measuring chamber suitable for 


feeding any water treating chemical. 


e@ Feeding rate adjustable while in operation. 


@ Built of standardized, low cost, readily available, interchangeable, \ 
“in stock” parts. O 
e Mechanism operates in continuous oil bath requiring oil change ; 
but once a year. 
@ Sold as a complete “Package” including full instructions and oper- 
ating accessories. 
All these features combine to produce unsurpassed economy 
of chemical feeding whatever your requirements. 
%Proportioneers, Inc.% offers you the opportunity of ob- oy 


taining years of highest accuracy chemical feeding at lowest 
cost. Write for Bulletin SAN-7. %Proportioneers, Inc.%, 360 
Harris Avenue, Providence 1, Rhode Island. 
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versy has been the subject of exten 
sive outcry in the public press and has 
not reached the courts. 

Another development in_ recent 
years has been the so-called “valley 
authority”’ program for the com 
pletely integrated use of all water 
within a stream basin, as illustrated 
by the Tennessee Valley Authority 
Advocates of controlled development 
and planned economy have been active 
in seeking the creation of similar au 
thorities in several western drainage 
areas. To date advocates of the exist 
ing system of private development, 
supplemented by federal aid on 
those projects beyond the scope of 
local resources, have succeeded in 
preventing the radical changes that 
would occur if the Federal Govern 
ment were to dominate water de 
velopment and use in our arid states 
Water plays a vital part in the 
economy of these areas. 

Supplanting our present policies 
and laws by the directives of a federal 
agency would be the equivalent of 
replacing our present system of local 
government in the water field and 
practically eliminating local control 
As the halfway point in the develop 
ment of our western water resources 
has been reached or passed, those 
having present rights to the use of 
water are deeply concerned over 
the way such rights might be affected 
by the establishment of a completely 
new and independent federal system 
The preservation of recognized rights 
is as important to our arid states as 
are projects to develop our remaining 
unappropriated water supplies 


Strength of State Administration 
of Water Laws 


Efforts to transfer the control of all 
waters to some federal agency are a 
natural outgrowth of the entry of the 
Federal Government into the 
struction of projects to develop 
water resources. Although state con 
trol of water use would be essential 
even if the Federal Government had 
remained an impartial party in water 


con 


use, such state control has become 
even more necessary now that the 
Federal Government has acquired 


a major proprietary _ self-interest 
through its investment in federally 
constructed p-ojects. 


A major element in the strength of 
state administration of water laws has 
been the absence of any extensive 
self-interest on the part of the states in 
individual projects. Should any state 
undertake extensive construction of 
water projects, it would materially 
decrease its usefulness as the adminis- 
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trator of use of water by non-state 
projects. The Federal Government is 
now so deeply involved in water de- 
yelopment in the western states that it 
cannot act as an impartial judge be- 
tween its projects and those of local 


origin. 


The creation of valley authorities 
in western basins is being actively 
resisted by nearly all states and by 
local water interests within the basins. 
It is noticeable that nearly all pro- 
motion of such authorities has come 
from federal sources, either directly 
or indirectly. The decision as to 
whether or not such a radical change 
as that represented by a change 
from local control to federal authori- 
ties should be made is too important 
to be adopted on the basis of the self- 
interest of those desirous of becoming 
the administrating employees of the 
federal agencies. 


National Water Policy 


Closely allied to the principles of title 
to the use of water are the public policies 
relating to its use. Present federal 
policies relating to water are generally 
recognized as confused and in some 
cases contradictory. The need for 
reconsideration and revision of na- 
tional water policies has led to the re- 
cent report on this subject by the Presi- 
dent’s Water Resources Policy Com- 
mission. 


During the period this commission 
was preparing its report, the Engineers 
Joint Council prepared and issued a 
report setting forth its views in this 
field. There is a greater need for a 
redefinition of federal water policies 
than there is for revision and changes 
in water laws. It is hoped that 
progress in other matters now re- 
quiring the attention of Congress will 
soon permit it to give constructive 
consideration to this urgent subject. 


Needs in Field of Water Law 

No system of water law can be 
completely equitable in all its appli- 
cations. In this, water law is no 
different than the other branches of 
the law of property. Perfect systems 
of law cannot be devised by human 
beings who themselves are not perfect 
in their aims and activities. In 
spite of these conditions we now have 
a generally good and workable body 
of water law well adapted to the 
needs to which it is applied. None 
of its possible defects furnishes justi- 
fication for radical changes or de- 
parture from the established state 
and federal relationship in this field. 

After 45 years of experience in the 
field of water-rights procedure in 
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most of the western states, I am 
thoroughly convinced that present 
practices are well adapted to our 
arid areas. Under these practices 
progress may appear at times to be 
slow. This is the result of the 
caution with which proposals for 
change are considered. Experienced 
water users in the western states have 
become skeptical about the gains that 
it is claimed can be secured from 
radical changes in our present basic 





principles of title to the use of water 
or programs for restricting present 
practices of local control. The field 
of water law in the western states is 
not static and healthy progress is 
being made in meeting changed 
conditions as they arise. 


(This article is based on the paper by Mr 
Harding presented at a session of the Irriga 
tion and Drainage Division presided over 
hy W. E. Blomgren, M. ASCE, at the Cen 
tennial Convention in Chicago.) 
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LACLEDE STEEL JOIST PURLINS 


When high-strength—yet lightweight construction is needed—con- 
sider the advantages and ultimate lower cost of Laclede Steel Joists. 
They provide the maximum strength per pound of steel used. They 
place and erect quickly—are adaptable for use with all types 


of roofing. 
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( MASON & HANGER CO., INC nw. Kame Gn at 
"9 ] with the M.W. Kellogg Co., of New York, 
and since 1938 had been with the American 
500 FIFTH AVE., NEW YORK 36, N. Y. Gas & Electric Co. Mr. Rogde received a 
civil engineering degree from Cornell Uni- 


TUNNELS - CAISSONS - SUBWAYS versity in 1919. 
HEAVY CONSTRUCTION Dudley Tibbets Corning (M. ‘15) retired 


civil engineer of Philadelphia, Pa., died there 
™ on June 17 at the age of 75. Mr. Corning 
had been with the Philadelphia Department 
of Public Works for 34 years, serving as head 
of the highway bureau from 1928 until his 
retirement in 1949. Earlier he had been 








Tunnel shield with the coal lands evaluation division of the 

constructed . U.S. Treasury Department, and was chief 

end ready fer engineer of the Cambria Steel Co., of Johns- 

; y town, Pa. Mr. Corning was a graduate of 

installation Rensselaer Polytechnic Institute 

of tables and 

other hydraulic William Henry Ellis (Aff. ‘21) president 
, and treasurer of W. H. Ellis & Son Co., engi- 

2quipment , 

— neers and contractors of Boston, Mass., for 


4) years, died there on July 20. He was 68, 
Before joining his father’s company, Mr. 
Ellis was employed in the engineering de- 
y, partment of the Boston and Maine Rail- 


road He served as “t member of the State 
SILAS MASON COMPANY, INC. J inti tie Bosra of Appeat for the City of 


SHREVEPORT, LA. Boston 
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Applications for Admission 
to ASCE, July 26—-August 2 


! ) 
Introducing... i 


AcPRepO Duptey BateMaN QuvuIJANO, Bogota 
Colombia 


Huon Hume Dixon, London, S.W., England 
r Haroip Kerra Grirrirn, Keyser, W. Va 
. : James Wiit1aM Haut, Houston, Tex 





Dana L. Hannan, Indianapolis, Ind 
Paut Orreneus Harinc, Los Angeles, Calif 


- Orro Jurcens, Omaha, Nebr 
” i ALEXANDER Harry KeENIGSBERG, Nashville, Tenn 
— -_ ‘ : MvunHaMMAD Sapig Kuan, Denver, Colo 
. Demerre E. Parpanicoraou, Athens, Greece 
Fi ABRAHAM Pikoos, Wilmington, Del af 


Joun ALEXANDER RuNHLING, Washington, D. C 
Avex ALEXANDER Srrec, Chicago, Ill 

Haroup Epwin Spracue, Ft. Belvoir, Va 
IrnvVING AARON SuSSMAN, New York, N. ¥ 





COMPLETELY SELF-CONTAINED, 
THIS SEWAGE LIFT STATION 
REQUIRES NO FURTHER ASSEMBLY, 

NO EXTRA EQUIPMENT! 





: 
4 Applying for Associate Member 
= 
& 


JorGce Barrica, Olympia, Wash, 

Paut Denman Dovst, Washington, D. C 

Sot Goncnar, Savannah, Ga 

RicHarp Suirn Goopwtn, San Diego, Calif 
RAMNATHAPUR KESHAVAMURTHY KeSHAVA NARA 





Just make influent and effluent connections and begin opera- é YAN, Bangalore, India 
tion . that's all there is to do when you install the new Carter : Craup1io MANFRINt, Sao Paulo, Brazil 
: Pact . Suprovat Mirrer, Bihar, India 
Eject-O-Pac < Visunu TrimBpak Mone, Ahmedabad, India 
Capacities range from 30 to 150 GPM with complete adapt- Irene Ester Ryan, Anchorage, Alaska 
ability for high or low head operation . . . passes solids up to the MODEL BSE-1035 Eject-O-Pac Aziz Acy Ismam. Suauwan, Aberdeen, Scotland 
. . . . : —_~ equipped with twin compressors 
size of the influent pipe line without clogging or binding because and copper bearing steel pot 
no moving parts ever come in contact with the sewage All Carter Eject-O-Pacs are avail Applying for Junior Member 
Electrode control eliminates floats, float-rods and stuffing boxes able with either single or twin 
: et " compressors cast-iron or cop WitttamM Roy CHaney, Kansas City, Mo 
Gate ng — — are — mounted. Entire unit is her per bearing steel! pots Anpowso Joes D’Santiaco, lows City, lows nerc 
aameesy 208 7 or safe, odorless operation. JorGe FERREIRA DA St.va, Sao Paulo, Brazil 
Available with cast-iron or copper bearing steel pots . . . air- Ivan ANDERSON Gacotn, Victoria, Australia 
cooled or water-jacketed compressors. May also be used with ' or Ina Aucustus Hunt, Jr., West Point, N. Y 
' P y : WRITE FOR Ear. Joun JoserH Kramer, Mobile, Ala 


air storage tank, or operated from a central air supply, if desired WILLIAM JAMES LemMEssuRIER, Boston, Mass 


Wiiwtiam H. Levecius, Jr., Milwaukee, Wis 


COMPLETE INFORMATION 


OTHER CARTER PNEUMATIC EJECTORS AVAILABLE TODAY Joun Wittiam McCurcuen, Shreveport, La 


Acrrep Henry Muetcer, Denver, Colo 
WiiiraM Artuur Scumip, Jackson, Minn —_— 
Bucent Servet TasmMan, Ann Arbor, Mich 


WITH CAPACITIES FROM 30 TO 500 GPM 








tee 206 ATLANTIC ST 
H t HACKENSACK. N 1 Applications for Junior Membership from 
pene L © 2 wet =— ASCE Student Chapters are not listed.) oe 
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INI-FORM Panels Form the Concrete on 
he FAIRLESS WORKS of UNITED STATES STEEL CO. 
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IRCULAR WALLS 


— 


eneral Contractors: Walsh-Perini-Groves-Slattery Companies * 


1EGULAR WALLS 








— Whi, 


6,000,000 Sq. Ft. 


of Contact Area Formed 
with 300,000 Sq. Ft. 


of UNI-FORM Panels 
in RECORD TIME! 


UNI-FORM Panels, Ties and Acces- 
sories — the world’s best prefab- 
ricated concrete forming system 
give you: 
@ Faster Starts...Ready to use when 
they reach the job 
® Automatically accurate...the Uni- 
Form Tie locks, spreads and spaces 
UNI-FORM Panels ...... 
in ONE operation 
© Faster forming cycles...... 
quicker completions 
® Maximum re-usage 
® Greater flexibility 
® Lowest All Around Concrete 
Forming Costs 


Write for the UNI-FORM Panel Catalog 


and complete information. 
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WALSH CONSTRUCTION COMPANY, Sponsor 


GENERAL OFFICES AND FACTORY 
1238 NW. KOSTNER © CHICAGO 51, ILLINOIS 














SAN LEANDRO, CALIF. 

HOUSTON, TEXAS . : ; 
CLEVELAND, OHIO ...... 
BALTIMORE, MD. . errr. 
SWAMPSCOTT, MASS....... ata 51 Barnstable St. 


OFFICES AND WAREHOUSES 
2051-9 Williams St. 
2314 Preston Ave. 
24901 Lakeland Bivd. 
661 S. Monroe St. 


Service Wherever You Build . ... Coast-to-Coast 
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Suretyship . . . ndustt 
This article begins on page 72 is vita 
(Continued from page 74) -—_ 
major 
Genere 
trouble, and the advice of such mei ao 
has often averted substantial loss and the: 
delay to all the contracting parties aris 
In addition to the cost reducing J iy.” , 
and loss preventing by-products of adust: 
bonded competitive system, there is 9’ 

the accumulated know-how oi 
decades of underwriting. There are Produc 

certain businesses, just as there aré 
certain individuals, whose job in life The 
is to sit by the side of the road, so to parity, 
speak, and be a friend to man ductio 
Under such circumstances, their produc 
“scale of observation’ becomes — 
a broader than other men’s, and their there i 
ew McDuff Pumping Station, Con- knowledge and guidance of more than standa 
structed by Henry G. DuPree Co. ordinary value. Suretyship is such future 
a business, structi 
contra 


marke 
. Joint Ventures Made Possible hazarc 
: : One 
IT s 10 O% It was suretyship, for instance, 











hich insti j , y contra 
which instigated and made possibk is by 
TYPE MO VENTURI METERS oe ee eee ee ae 
This American way of getting things necess 
done by cooperation came into its own public 
some years ago, when contractors which 
The City of Jacksonville, Florida installed its first Simplex Type and engineers were approaching what indust 
; ; . : was probably the greatest single con e 
Te Meters back 975 sre’s what Mr. C wick 7. - simph 
MO Venturi Meters back in 1925. Here's it Mr. C. H. Helwick, struction project undertaken in th ony . 
Superintendent of Jacksonville's Water Department, has to say about history of our country—Hoover Dam tracto 
locaeacniteaihiadl ; As originally contemplated, seven Mista 
those original metets: years were to be required for the com we W 
“These two meters have required very little attention and have pletion of the dam, and the con like € 
=r labl ; hel 1 tractors were in effect guaranteeing judgn 
remained dependably accurate througn the years. ihe that their estimate of price would ime 
capacities of the pumping stations . . . have been en- stand against all the “changing con and 1 
hes : ditions’ of that period. A_ bond Actus 
larged beyond the capacities of the meters, and these larger than any that had ever beet oo ye 
meters have been removed and reinstalled at new previously written was furnished or indus 
; a, this project to back the contractors mista 
pumping stations for more years of service. combined in a group known as the “my 
No wonder, then, when consulting engineers Six Companies Inc. As one of that powe! 
it outstanding group recently stated: whict 
Reynolds, Smith & Hills undertook the plans for Feder 
Jacksonville's $7,000,000 water works improvement Success of that monumental undertaking Cong 
: established a permanent strong relationshiy tors. | 
- . ' ' ors, 
program, that Simplex Type MO Venturi Meters between bonding companies and wester! nd s 
aden lard ’ f 1] F contractors that endures today as a progres , th 
were specified as standard equipment for a// pumping sive, yet stabilizing factor, insuring the con - 
, idle , aein sinned ‘tapas their 
stations. For full information about MO and other tractor’s responsibility to the public an 
minimizing unsound and unprofitable pra« 
Simplex meters write to Simplex Valve and Meter tices. 
. = r + . ‘ 
Company, Department 9,6789 Up!and Street, Phila- - , 7 pene 
Spe. Since that time, the joint ventur : 
delphia 42, Pa. has become commonplace. The lo 
surety business believes it to be a good to b 
practice. We are proud of the part struc 
that surety know-how played in the been 
inauguration of an era of huge con mo § 
struction projects, and we hope such other 
projects will continue. petit 
The final and perhaps most im vay 
the 


portant by-product of contract bonds 
has been the stabilization of construc 


VALVE AND WME COMPANY 
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uon, for construction is a great basic 
industry, and its continuing success 
is vital to our national welfare and 
economic stability. One of the 
major objectives of the Associated 
General Contractors of America is 
called ‘‘risk parity’’ which is defined 
is “‘to place the business risks as 
sumed by general contractors as 
nearly as possible on a parity with the 
risks assumed by other production 
industries.”’ 


Product Is Unique 


The reason for the lack of risk 
parity, of course, is that most pro 
duction industries sell a standard 
product by adding a profit after costs 
ure known, while in construction 
there is an agreement to deliver a non 
standard product at some time in the 
future at a price fixed before con 
struction is commenced. In short, 
contractors deal in futures, and any 
market analyst will tell you the 
hazards inherent in that practice. 

One of the major ways in which 
contract bonds promote risk parity 
is by the elimination of the unqualli- 
fied. Indeed, were it not for the 
necessity of qualifying for a bond on 
public works, the probable chaos 
which would result in the contracting 
industry from irresponsible bidders 
simply beggars description. We ad 
mit of course that unqualified con 
tractors occasionally obtain bonds. 
Mistakes we have made and mistakes 
we will make, since underwriting, 
like estimating, relies on factors of 
judgment and there never will be a 
time when contractors, engineers, 
und underwriters will be infallible. 
Actually, in view of the magnitude 
ind complexity of the construction 
industry, the miracle is that more 
mistakes do not occur. 

In other words, there is a balance of 
power in the construction industry 
which is similar to that in our own 
Federal Government. Engineers, like 
Congress, draw the plans; contrac 
tors, like the President, execute them; 
ind sureties, like the courts, see that 
both protect their rights and perform 
their duties. 


Bonds for Bigger Jobs 


ro be stable, however, is one thing; 
to be static is another. The con 
struction industry has traditionally 
been one of intense competition, and 
no good contractor would want it 
otherwise. To support this com- 
petitive system, it is sometimes neces 
sary to bond contractors on jobs, 
the magnitude of which they have 


(Continued on page 256) 
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@ Protect against floor wastes 
@ Reinforce all concrete surfaces 

@ Insure fireproof, non-slip footing for men and traffic 
@ Insure efficiency with safety 


@ Insure protection, plus comfort through complere 
ventilation 


The Klemp Metal Grating Corporation has been 
serving the needs of contractors, civil engineers and 
public works officials for almost half a century. 
During this time, Klemp has produced and patented 
several specialized gratings, such as Hexteel and 
Floorsteel 

Klemp’s engineers have exclusively specialized in 
the fabrication of gratings, such as Hexteel Surface 
Armor and Floorstee! Flexible Floor Armor for re- 
inforcement of all surfaces where concrete or mastic 
are applied. In addition, they have developed a 
bridge decking which is the most up-to-date flooring 
for modern bridges prefabricated to exact 
specifications 

Klemp’s diamond riveted and welded gratings 
are ideal for foot and plant material traffic wherever 
rugged strength is needed in structural footwalks, 
stair treads.and open steel flooring. 

We solicit the opportunity to let Klemp’s engi- 
neers help solve your most difficult grating problems. 
Send in your blueprints for quotations today. All 
types of Klemp Gratings are available for immediate 
shipment. 


KLEMP 
METAL GRATING 
CORPORATION 





We Tread the World with Safety 
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Executive Offices: 1371 NORTH BRANCH STREET, CH'CAGO 22, ILLINOIS 
Plant: 6601 SOUTH MELVINA AVENUE, CHICAGO 38, ILLINOIS 
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ONTRACTOR’S SELECTION O€ VIBER 
VIBRATORS EXCLUSIVELY ON SOME 
» OF THE LARGEST JOBS IN \THE 
>» & COUNTRY PROVE THIS STATEMENT 
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} We have found over the pgft thirty years that 
a 

™ cost conscious contrac{éts are switching ex- 


¢ clusively to Viber 


~ 


oc eee 2% concrete copsfruction. 
re MAINTENANCE AND DOWN TIME AMAZINGLY 
a LOW WITH VIBER VIBRATOR 


insae 
r ’ 


after day on the toughest jobs. Ability to absorb 


ibrators on every type of 


Viber Vibrators offer top performance day 


punishment comes from the built-in quolity that 
= comes only with research, experience, and manu- 
; facturing ability. 
{ COMPLETE VIBER “PACKAGE” MEANS YOU 
CAN HANDLE ANY CONCRETE PLACEMENT JOB 
Viber Company has progressively increased 
6 their line to provide all the equipment you need 
Interchange- 


for smooth, low-cost operation. 


ability is an important feature of the Viber line. 


REPEAT CUSTOMERS 

In checking over our ever increasing cus- 
tomer list, we find that these contractors buy 
Viber Vibrators steadily year after year. This 
repeat business is indicative of the high 
regard contractors hold for the Viber line. 


For details, see your Viber distributor 
or send for illustrated catalog. 


IBER COMPANY 


Concrete Vibrators Since 1931 


726 SOUTH FLOWER STREET 
BURBANK, CALIFORNIA 
Dept. 56 
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Highway maintenance... 
This article begins on page 89 





(Continued from page 93) 


mud-jack is used primarily to fill 


voids under concrete pavements 
which have been developed by “‘slab 
pumping.” 


“Slab pumping” first was noted and 
recognized several years earlier, but 
not until 1939 and 1940 did soaring 
traffic loads begin to take their terrific 
toll on our highways and to mark 
this condition as a major maintenance 
problem. As the condition devel- 
oped, particularly on the older pave 
ments, it took only a short time to 
prove that mud-jacking and concrete 
replacement would not suffice. 


Undersealing Developed 

Again experimentation began. In 
1942, or possibly 1941, Ohio began to 
experiment with the pumping of a 
low-penetration asphalt under the 
pavement, instead of  soil-cement 
slurry, to control slab pumping. The 
practice was further developed in 
other states and is now known as 
“undersealing.’’ It is at present con 
sidered a highly successful method 
for controlling this difficulty. 

Another operation, largely per 
fected in the early 1940's, was the 
upper-decking of existing cold-mix 
bituminous surfaces. Previously, 
when a thin bituminous surface was 
to be renewed, it usually was scari 
fied, and the old surface remixed and 
relaid. About 1939, however, a 
system of windrowing new materials 
on top of the existing surface, mixing 
them with bitumen, and spreading the 
mixture as an upper deck was 
adopted, thus adding to the thickness 
and strength of the surface as well as 
retaining the compaction of th 
original road. This procedure has 
proved worth while and still is prac 
ticed in road-mix resurfacing. 


Emphasis on Reconstruction 


Emphasis on reconstruction also 
came during this period. The break- 
down of many of the older pave 
ments occurred at a speed too fast for 
repairs by undersealing and full 
depth patching, and to such an extent 
that merely repairing the pavements 
was not economical. Lack of funds 
made wholesale replacement impos 
sible. This resulted in a widespread 
use of hot mixes to resurface old con 
crete pavements, such work being 
done primarily on a contract basis 
with most satisfactory results. 

The truck, which is used for the 
transportation of men and materials, 
and for pushing snow plows and pull 
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ing under-body blades, drags, light 
blade graders, pull mowers, and other 
maintenance units, is the most com- 
monly used piece of maintenance 
equipment today. The next most 
popular unit is probably the motor 
grader, which is used for blading sur 
faces, cleaning ditches, trimming 
back slopes, mixing and laying bitu- 
minous patches and surfaces, and 
many other vital maintenance opera- 
tions. Its forerunner was the split- 
log drag. Next in line of evolution 
was the small-wheeled blade grader 
pulled by horses or oxen, then 
the larger-wheeled grader pulled by 
tractors, and finally today’s self- 
propelled motor grader, a most effi- 
cient machine in the hands of a skilled 
operator. Many, many other pieces 
of equipment, and small tools far too 
numerous to mention, have been 
developed and are being used in the 
maintenance of today’s highways 


Personnel Training Raises Efficiency 


Thus far attention has been given 
primarily to the part money, machin- 
ery, materials, and methods have 
played in the history of highway 
maintenance during the past century. 
Let’s not overlook the all-important 
fact that highway maintenance in- 
volves the proper blending of a fifth 
factor. There must be well-trained 
men—who enjoy their work. 

During World War II, it was found 
necessary to use substitutes for criti- 
cal materials. Likewise, one piece of 
machinery had to take the place of 
another that was not obtainable. 
That period of substitution proved, 
most highway engineers will agree, 
that there is no substitution that can 
be made for the knowledge and 
ability of a trained highway main 
tenance man. 

Today a maintenance man must 
have a wide knowledge of the use of 
many materials such as asphalt, tar, 
portland cement, aggregates, and 
chlorides. He must have personal 
skill in the operation of many pieces 
of equipment such as the truck, motor 
grader, concrete mixer, bituminous 
distributor, power mower, power 
shovel, and many other units. Last, 
but certainly not least, he must be 
able to work with men and to meet 
the public. 


Maintenance and Public Relations 


The maintenance man, by the very 
nature of his work, comes in very 
close contact with the public. How 
well he does his job determines to a 
very great extent the attitude of the 
road user toward the entire highway 
program. Thus, despite the highly 


(Continued on page 257) 
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Have youseena giant rubber- 
tired Roll-O-Pactor in ac- 
tion? If not, you should see 
how its extra large wheels 
and tires put “super load 
compaction” on deep, soft 
lifts up to 24 inches . . . how 
Bros Rocking Beams keep 
tires squarely in contact with 
uneven ground, riding slopes 


4 


The Wright Construction Company 
of Columbus, Georgia used a Model 450 
Bros Roll-O-Pactor with 70 Ib. tire pres- 
sure and 40 ton roller weight to compact 
a 118 Ib. per cubic foot sub-grade to 
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King of the Heavyweights— 
the 50 ton BROS ROLL-O-PACTOR 


as high as 19°. Tested over 
a variety of actual job con- 
ditions, the Roll-O-Pactor 
has been more widely ap- 
proved than any other com- 
pactor! And it is solidly 
backed by the complete Bros 
service organization. 35 and 
50 ton models. You can vary 
rolling weight to suit jobs. 





VP aa. 


98-100.2% of required density in one 
pass. After placement of 8 inch base ma- 
terial, they got 100% required density 
on the base and 98 to 100% as deep as 
24 inches in the sub-grade in three passes. 


WRITE FOR NEW CATALOG 


Get your free copy of this big new catalog filled with 
results of soil tests, equipment comparisons and actual 
job histories. No construction man who is concerned 
with compaction shovid be without it! Write for your 
copy today. 


we. BROS soiter & MFG. co. 


ROAD MACHINERY DIVISION - MINNEAPOLIS 14, MINNESOTA 
World’s Largest Manufacturers of Pneumatic-Tired Rollers 
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sources 
7 This article begins on page 105 
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(Continued from page 106 be 
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general 
purpose project in the United States JStates 


is a public service rather than a pri. Fits, an 
vate service; its ultimate goal must J omew 


be that it is useful to the man on the J progres 









ground, and an asset to the nation benefit 
The Federal Reclamation Law o ure the 
1902 created the principle of repay them. 
. ment by the beneficiaries which, iy ind ec 
turn, quite naturally resulted in ; tion d 
FABRICATED close degree of scrutiny of project J siderat 
plans by irrigation district officials J jndirec 
FITTINGS and their consulting engineers. This An 
scrutiny is highly welcome. In ad benefit 
BY N AYLOR dition, and as a result of succeeding | projec 
laws, executive orders, and inter comes 
agency agreements which have bee: in 194 
adopted primarily in the last fiftee: the v 
sosnenmdinnn years, the Reclamation Bureau co value, 
operates with many other federal ments 
state, and local agencies in the ce the 37 
velopment of its plans. They each rhe 
have an opportunity to review on iorth 
participate in the investigations as Water 
the work proceeds, and to review the sents 
final report when it is ready. Ne federa 
less than a dozen agencies participat The 
in one way or another on a simpk work | 
project, and as many as forty groups recotn 
review the plans of proposed major we Ci 
river basin developments. like 1 
The federal policy is that as soo strict! 
as a local irrigation district is capabk pared 
of undertaking it, the district takes be sp 
over the operation and maintenance ment: 
. of the irrigation works. It is als: 
Save Material and Labor ae federal policy to take such steps as wt 
are practicable to avoid speculatior unctt 
; ye : in lands that are expected to he the cr 
in Piping Layouts put under irrigation. Gover 
’ The idea is fast becoming accepted respor 
in the United States that an undevel loans 
oped resource (especially an unde Exe 
veloped, renewable resource) is not « Feder 
resource in the bank. It is a resource: feder: 
being wasted. shoul 
Write for this helpful bulletin on Naylor Fabrication : to th 
Hydroelectric Power 
Service. It presents data on standard and special fittings for ; ' 7 Ex 
; ; = In connection with the dispositio 
lightweight pipe and offers practical ideas to simplify of hydroelectric power, it is the policy its ON 
piping layouts. Included are special fabrications to save to so transmit and dispose of such omen 
‘ power as to encourage the most ne 
time, material and labor through eliminating numerous widespread use of it at the lowest der 
flanged joints and combining many fittings into one possible rates consistent with sound Treas 
integral unit. Ask for Bulletin No. 525. — prego. ihe teeny - 
sovernment also encourages, as 4 prod 
matter of both law and policy im ciple 
connection with irrigation projects, the | 
the development of family-sized farms. excis 
Further, water rights for all federal! 
projects are secured in accordance —" 
: : . rare lump 
Naylor Pipe Company with the laws of the states in which ee 
1281 E. 92nd St., Chicago 19, Il. the projects are located, thereby — 
New York Office: recognizing the rights and privileges - 


350 Madi “+ New York 17, N.Y. . : 
50 Madison Ave., New York 17, N.Y. of the states with regard to the 
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: lenefits ARCHITECTS, PURCHASING AGENTS 
Generally, benefits fall into two 
ategories, direct and indirect, and 
here are many in each. There is 
general agreement in the United we 
States FStates on the kinds .of direct bene 
1a pri Fits, and how to measure them, but a 
1 must fomewhat spirited discussion is in O 
on th ogress on how to measure indirect 
Hon yenefits. Everyone agrees that they 
“aw © ure there, but not on how to evaluate 
repay them. Any appraisal of the social 


ich, it ind economic implications of irrigé j ‘ 4 Sf - P } 4 
ins [es seo mations clive’ | TheNew JM IC ROTOMIC 


roject | sideration of both the direct and the 

oar indirect benefits. ‘ 4 ? p 
lis An illustration of the indirect 

in ad benefits, the economic effects of a | more uniform than the pencils 

-eding project on other parts of the nation, 

inter comes from a project in Idaho where . / 

been | in 1949 approximately 40 percent of cy were en using 

i teer the volume, and 72 percent of the » 

a co value, of all railroad freight ship 

deral ments into the project area came from Last year, we asked 488 drawing pencil 

— the 37 states east of the Rockies cue~0 ene eee 


The ‘General Conclusions’ set to test 3 MICROTOMICs (of any 
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W or ; - 
ya jorth in the June 1950 report of the 7 ; ; 
oP Water Policy Panel of the EJC pre- degree of their choice) against 3 other 
| N. sents a startling contrast to these drawing pencils of the same degree. 
; on federal policies. 
) ~ . “ - 
or Che report is the result of caretul 459 (94% of those who made the test) 
( ‘ - », ‘ ; . ‘ r . — . eer > 
cups work and contains many constructive found MICROTOMIC grading definitely 
. recommendations. However, there i ’ ‘“ : 
arr 2 - ‘ j 
"J ire certain influences that I should more uniform” by unbiased comparison. 
like to mention, for they follow a : 
St , . 
| ‘ " strictly banker approach, as com in fact, ebout a month later, 165 sald 
a 2 re . ° oan . 
Ka pared to existing national policy. To - they were already using MICROTOMICs . 
aRCS he CIC 7 > few . ¢ : , . 
me e specific, | hag ae a few state . and another 199 said their next drawing 
| ments irom the hk olicy report . 
alse MI dich A pencil order would be for MICROTOMICs. 
S as In its performance of its second ; 
tio unction (to aid in the cost of financing © 
he the construction of works) the Federal = 
" P . . i 
Government is basically acting as a banker on ree ra Try e 
Ler responsible for the soundness of his > 
an = inst — test if 
S ee = agains yourse 
ixcept for meeting the needs of the ro) 
ei Federal Government, authorizations for > 
ree F ° ? ° a 
ederal hydroelectric power construction ~ 
. . =~ 
should be predicated upon a cash income ; 
to the Treasury from the sale of power S 
. e z 
‘Ol Except where absolutely essential for a 
iC\ its own needs, the Federal Government = s 
ic} should engage in the transmission of m 2 
ist power only when and where necessary in S 
est rder to attain higher net income to the = > SI NCE 1849 
‘ rT 
re Treasury. ... il f. i] r 
ra In the cases of federal revenue Mai or FREE test penci $: 
a woducing water developments, the prin- rm ee Se Seer a SO ee eee 
il ciple should be extended to provide for = . EBERHARD FABER Pencil Co., Dept. “F-9 
is the payment of state and federal income = *  37Greenpoint Avenue, Brooklyn 22, N.Y. 
IS excise taxes or their equivalents. = . 1 wont to test MICROTOMIC uniformity vs. my pres- 
al > 1 ent pencils. Send degiee MICROTOMICS please 
‘ . secondary benefits should not be = . NAME 
h lumped with direct: offsets to cost to - . FIRM 
" letermine the feasibility of any particu > 
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- ar project. . 4 
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Check this fact= 
Angular variation: 
less than one second! 





Model No. 7014 with “A” standard. “U" 


type also available. 


$575.00* complete with tripod, case and field equipment. 


Yet this improved White instru- 
ment costs you less than any 
other quality engineers’ transit 


or only does David White 
N calibrate the graduations on 
its Engineers’ Transit within less 
than one second. But that accuracy 
Rea- 


son: a new Swiss dividing engine 


is yours for years and years! 


of the latest design cuts the grad- 
uations into solid silvei 

What's more, White's unex 
celled coated optics provide a clear 
sharp image — without halation 


even under adverse conditions at 
long distances. Other added re- 
finements that cost you less include 
the totally enclosed leveling screws, 
waterproof compass box and hand- 
fitted, anti-friction, virgin hard 
bell metal centers. 

See your dealer for full informa- 
tion on the complete David White 
line of Transits, Universal Level- 
Transits, Levels, Theodolites and 
engineering supplies. Or write for 
new Bulletin 1052 to Davi WuHirt! 
CoMPANY, 359 W. Court Street, 
Milwaukee 12, Wisconsin. 


We offer the most expert REPAIR SERVICE 
on all makes, all types of instruments. 
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Construction by contract .. . 


This article begins on page 62 





( Continued from page 66) 
through which investments can be 
made in faciliti¢ts which serve people. 

The construction industry has kept 
pace with and helped in the develop 
ment of practically all other indus 
tries, and is able to make use of their 
discoveries to build constantly better 
facilities with greater speed and 
efficiency. 

Labor has also kept pace with the 
development of new materials, new 
and greater designs. Workmen have 
had to be continually trained in new 
techniques while preserving _ their 
ancient skills. This has been done 
under a comprehensive program. 
American workmen have fully meas 
ured up to the challenge. 

The industry is of huge size, and 
produces an amazing variety of 
products under every conceivable 
circumstance, yet its methods and 
internal organization have developed, 
often with growing pains, until they 
are of such flexibility that the in 
dustry can execute any structural 
need of the people any place in the 
world. 

By experimentation through the 
years, and now by cooperation be 
tween such organizations as_ the 
American Society of Civil Engineers, 
the American Institute of Architects, 
The Associated General Contractors 
of America and many others, there 
has developed a type of joint, 
cooperative relationship within the 
construction industry which best 
fits its purpose, and which permits 
fair and equitable treatment of all 
those who are connected with con 
struction operations 

As general contractors, who are 
the logical development in the in 
dustry to fulfill the need for organi 
zations to take complete responsi 
bility for the construction of projects 
and to correlate all the skills, ma 
terials and machinery required, we 


look forward to an even greater 
century in partnership with en- 
gineers. 


The engineer's qualities of skill, 
imagination, and courage have been 
complimented by the initiative of 
the contractor in devising new meth- 
ods, and together they form a team 
which today continues its advance 
toward an ever expanding vision of a 
greater United States of America. 


(This article was prepared from Mr. Fore- 
man’s address at the Construction Luncheon 
at the Centennial Convention in Chica 
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EARTHMOVING 
MEN 


equip- 
has re- 


Major earthmoving 
ment manufacturer 
sponsible positions open for 
field representatives to serve 
in continental United States. 
Knowledge of time study... 
equipment performance. . . 
earthmoving techniques essen- 
tial. Civil engineer graduate 
preferred. Send full partic- 
vlars of experience and edu- 


cation to 


Box 211 
Civil Engineering 
33 West 39th St. 
New York 18, N. Y. 











CONCRETE AND SOILS 
ENGINEER 


Civil Engineer; graduate; 30-45; 
to conduct field and laboratory 
investigations as necessary for 
foundations for refinery equip- 
ment, large tanks, and buildings. 
Must be qualified to plan the 
work and give comprehensive 
recommendations. Duties will 
also include variety of concrete 
and other materials problems. 


Write: 


EMPLOYEE RELATIONS DEPARTMENT 
PHILLIPS PETROLEUM COMPANY 
BARTLESVILLE, OKLAHOMA 
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Engineer manpower .. . 


This article begins on page 82 





(Continued from page 83) 


Society looks to the engineer to bring 
about all these miracles. It is a 
responsibility that the profession 
must assume. 

It does not seem necessary to fur- 
ther support the view held by a great 
many people that the peacetime needs 
for engineering services are accelerat- 
ing rather than diminishing. The 
amount of engineering required per 
unit of population continues to in- 
crease, while the supply of engineers, 
and hence the number of engineers 
per unit of population, is likely to 
remain fixed. This is shown in Fig. 
2, in which the line A-A indicates the 
estimated limit of the supply. 


Engineers Must Be Better Trained 


An adjustment seems inevitable 
to accomplish the engineering work 
that must be done by the limited 
number of engineers expected to be 
available. This adjustment lies in 
the direction of better utilization 
of engineers. To a considerable de- 
gree, engineers have been used for 
subprofessional work. In fact, some 
engineers are not trained to perform 
functions much above the subpro- 
fessional level. In future, it will be 
increasingly necessary to use engi- 
neering aides to extend the service 
of the professional engineer in much 
the same way that therapists, nurses, 
and laboratory technicians are used 
to extend the services of the doctor. 

A corollary to this principle of re- 
adjustment is that engineers gener- 
ally must be better trained. As each 
engineer must extend himself over 
more territory through the aid of 
others, it will be essential that he be 
trained at a higher level in order to do 
such directive work effectively. 

Such a rearrangement of engineer- 
ing services will result in an improve- 
ment in the social status of the en- 
gineer, and will increase his value to 
his employer——which in turn will im- 
prove his economic status. At the 
same time, it seems certain that en- 
gineers will be obliged to function more 
and more in circumstances involving 
economic and social factors along with 
the more conventional economic and 
technical factors. The future holds 
promise for the entire profession. 
The increasing opportunities for serv- 
ice to the community will be more 
richly rewarding in terms of personal 
satisfaction and remuneration. It 
may be truly said that the profession 
is about to come of age 





A better job, a better life, a better future can be 
yours in Southern California—at Lockheed Aircraft 
Corporation. 

On the job, you enjoy increased pay; fine, mod- 
ern working conditions; association with top men 
in your profession—men who have helped build 
Lockheed’s reputation for leadership. 

Off the job, you live in a climate beyond com- 
pare—where outdoor living can be enjoyed the 
year around. 

In addition, Lockheed’s production rate and 
backlog of orders—for commercial as well as mili- 
tary aircraft—insures your future. 


TO ENGINEERS IN 
NON-AERONAUTICAL FIELDS 


The step up to Aircraft Engineering isn’t as 
steep as you might expect. Aircraft experience 
isn’t necessary. Lockheed takes your 
experience, your knowledge of engineering 
principles, your aptitude and adapts them to 
aircraft work in its Engineer Training Center. 


You learn to work with closer tolerances. 
You become more weight-conscious. You may 
attend classes in the Training Center for 
three days—or six weeks. It depends on your 
background. But, always, you learn at full pay. 


NOTE TO ENGINEERS WITH FAMILIES: 


Housing conditions are excellent in the Los Angeles 
area. More than 40,000 rental units are available. 
Thousands of homes have been built since the 
war; huge tracts are under construction now. You 
will find the school system as good—from kinder- 
garten to college. 


Send today for free, illustrated brochure describ- 
ing life and work at Lockheed in Southern Califor- 
nia. Use handy coupon below. 


M. V. Mattson, Employment Manager, Dept. CE-9 


LOCKHEED 


AIRCRAFT CORPORATION, Burbank, California 


Dear Sir: Please send me your brochure describing life 
and work at Lockheed. 





My name 





My occupation 





My address 





My city and state 
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Wii i your decision to build a new plant 
1s been made. these Important questions 
will arise: Who will do the engineering and 


design? Who will do the actual construction 





hkconomy und ethe iency can be achieved by 
putting the whole project into the 


hands of a single organization. 


Enasco has nearly a half century of ¢ Xperience 
in the engineering, design and construction 

it steam electric and hydroele« tric 

power stations, factories, paper mills and 
similar projects. During this time, Esasco 


vas completed more than one billion dollars 





Who's going to build YOUR new 





worth of new plants in the United States 

as well as in many parts of Europe, Asia and 
South America. Consider these qualifications 
next time you discuss a new building 

project. 

If you are looking for one organization 

that can handle your new plant problem from 
start to finish, call on Esasco. For more 
complete details about the many EBAsco services 
available to you, write for the booklet. 

“The Inside Story of Outside Help.” 
Address Ebasco Services Incorporated, 


Dept. U, Two Rector Street. New York 6. N. Y. 
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Appraisal 

Budget 

Business Studies 
Consuiting Engineering 
Design & Construction 
Financial 
Industrial Re'ations 
Inspection & Expediting 
Insarance, Pensions 

& Safety 
Office Modernization 
Purchasing 
Rates & Pricing 
Research 
Sales & Marketing 
Systems & Methods 
Taxes 
Traffic 
Washington Office 


ESASCO TEAMWORK GETS THINGS DONE ANYWHERE IN THE woRtD EBASCO SERVICES 
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High-strength bolts . . . 


This article begins on page 176 





(Continued from page 179) 


gradual slip associated with maximum 
design loads long sustained at painted 
contact surfaces, the continued use of 
ordinary unfinished bolts may offer 
the most practical solution. How- 
ever, considerable test data are al 
ready at hand to indicate that high- 
strength bolt values, considerably 
larger than those now recommended 
even for rivets, might be justified if 
the resistance to shear of the boit 
alone is the criterion of useful service 
Such would be the case where a 
slip of, say, '/\¢ in. is of little impor 
tance and the bearing area on the side 
of the bolt hole is adequate. Compar- 
ing this possibility with the present 
reduced values prescribed for un 
finished bolts, it is conceivable that 
there is an economic place for high- 
strength bolts even where less ex- 
pensive unfinished bolts have up to 
now been used exclusively. 
High-strength bolts are also useful 
in resisting applied tension-producing 
loads. This feature has not yet been 
covered in the Council's Specification, 
but structural engineers have for 
many years taken advantage of the 
possibilities which these fasteners 
offer in the solution of problems of 
this type. It is obvious, on compar- 
ing the minimum elastic proof and 
ultimate breaking loads specified for 
4-325 bolts with corresponding cal 
culated values for rivets of the same 
nominal diameter, that the loss of 
stress area in the threaded part of the 
bolt is more than compensated by the 
superior physical properties of the 
bolt material, leaving a very com 


Irrigation .. . 
This article begins on page 105 





(Continued from page 251) 


As to new projects, in general there 
should be no further authorization until 
a uniform national policy has been 
adopted. 


It is obvious that this report 
sponsors a banker approach, as com- 
pared to a resource-development ap- 
proach. It would emphasize the 
profit motive in federal undertakings, 
rather than the present objective of 
broadening the resources use and 
economic base of the nation. It 
would seek ‘‘to attain higher net 
income to the Treasury’ from the 
development of power, rather than 
to encourage widespread use at the 
lowest possible rates to consumers 
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fortable margin of extra tension- 
resistance capacity per fastener. 

In the absence of any accepted 
standards, various working values 
have been used by structural engineers 
in proportioning high-strength bolts 
for tension-type connections. The 
writers know of no case, however, 
where these bolts have been de 
liberately prestressed in tension sub 
stantially above the calculated stress 
which they would be required to re- 
sist in service, even though it is a 
well-known fact that the endurance 
limit of bolts under cyclic loading is 
vastly improved when the fluctua- 
tion of stress is at a minimum 

Obviously, if some of the bolts in a 
connection (required to transmit 
“shear’’) are to be tightened nearly 
to the elastic proof load, the problem 
of field control of the bolt installation 
will be simplified if all high-strength 
bolts are so tightened, including 
those required to resist applied ten 
sion. This practice of highly pre- 
stressing bolts which are to carry 
tension loads in service is one which 
has long been recognized as bene 
ficial in other fields of engineering. A 
program of static and fatigue tests on 
typical tension-type building con- 
nections, expected to demonstrate 
the beneficial effect of a high pre 
stress, has recently been given a high 
priority on the Council's continuing 
program of research. Until test data 
are in hand, the Council has pre- 
ferred to remain silent on the ques- 
tion of suitable working stresses. 

(This article is based on the paper by th 
authors presented before the Structural Divi 
sion session presided over by E. C. Hartmann, 
a member of the Structural Division’s Execu 
tive Committee, and Douglas McHenry, a 
member of the Engineering Mechanics Divi- 
sion’s Executive Committee, at the Centennial 
Convention in Chicago.) 


consistent with sound business prin 
ciples. 

The Panel would exclude indirect 
benefits from project evaluation and 
evaluate social and economic benefits 
in terms of dollar benefits to im- 
mediate beneficiaries only. 

Further, and most important, if 
the Panel's recommendation on a 
uniform national policy were adopted, 
it would stop dead any proposed 
new authorizations. Such a proposal 
does not appear to appraise realisti- 
cally the likelihood cr unlikelihood of 
attaining a uniform national policy 
in the foreseeable future. I do not 
believe that the people of the United 
States, or the Congress, would count- 
enance for very long any proposal to 
completely stop all development 
pending the adoption of a uniform 
national policy, however greatly 
needed that may be. 





You'll be proud to say 


BOLING 


engineer!”’ 


For 35 years, Boeing engineers have 
pioneered outstanding designs for both 
civilian and military aircraft. During the 
last war, the B-17’s and the B-29’s dom- 
inated America’s bomber fleets. Today 
the Air Force has an effective aerial team 
in the swift Boeing B-47 Stratojet me- 
dium and the new eight-jet B-52 Strato- 
fortress heavy bomber shown above. 


You'll be proud to work with the men 
who designed and produced these revo- 
lutionary, trail-blazing airplanes. You 
can join them on future work on these 
jet bombers — and on such challenging. 
long-range projects as nuclear-powered 
aircraft, guided missiles and other secret 
programs. 

There are openings at Boeing right 
now for experienced and junior engi- 
neers in all fields, for aircraft 

@ DESIGN @ DEVELOPMENT 


@ RESEARCH © PRODUCTION 
@ TOOLING 


also for servo-mechanism and elec- 
tronics designers and analysts, and for 
physicists and mathematicians with 
advanced degrees. 

Work and live in the Pacific North- 
west in Seattle, or in the Midwest in 
Wichita. Boeing provides generous mov- 
ing and travel allowances, offers you 
special training and a salary that grows 
with you. 

You'll be proud when you say, “I’m a 
Boeing engineer!” 


Write today to address below or use coupon 


City and State 


r 
| | 
| JOHN C. SANDERS, Stat Engineer — Personne! | 
| Dept. S-9 | 
| Boeing Airplane Company, Seattle 14, Wash. | 
| Engineering opportunities at Boeing inter- | 
est me. Please send me further information. | 
| 
| Nome | 
| 
| Address 
| 
| | 
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Suretyship .. . 


This article begins on page 72 





(Continued from page 247) 


approached but not equaled. This is 
necessary because, if the economies 
inherent in construction by contract 
are to be achieved, new contractors 
must be found to replace those who 
leave the industry, and provision 
must be made for qualified con 


tractors to develop and step up their 
capacity. In this sense, bonds oper- 
ate similarly to the apprentice train- 
ing program of the Associated General 
Contractors of America, Inc. As one 
of the largest and most responsible 
contractors in America stated re- 
cently, 

Though once a poor and struggling con- 
cern, we have always been meticulously 
careful to keep our financial house in order 
and our cards on the table. In early times 
we were favored with bank credit and 


Civil Engineering Books: 1852—1952 


On this centennial occasion, the House of Wiley 


extends to the American Society of Civil Engineers con- 


gratulations and best wishes for continued usefulness 


and progress 





It is interesting to note that when the profession 
of civil engineering was organized in 1852, Mahan was 


preparing the third edition of his famous Elements of 


Civil Engineering tor publication by Wiley. 


Through- 


out these 100 years, Wiley has been privileged to publish 
many books of distinction written by members of the 


Society. 


Now, in 1952, our engineering list includes books 


which are designed to meet new needs, new conditions 
and to solve today's problems. 


Seven Recent Wiley Books 


1. Data Book for Civil Engineers, by 


Euwyn E. Seetye 


Vol. I—Dzssion, 2nd Ed., 1957. 521 page 
$10.00 

Vol. Il—Spegcirications anp Costs, 2nd Ed, 
1951. 506 pages. $13.00 

Vol. I1l—Fretp Practice. 1947. 306 page 
$5.00 


2. Eshbach's Handbook of Engineering 
Fundamentals, Second Edition. 
Edited by Ovin W. Esupacn, Northwestern 
Technological Institute. 1952. 1322 pages 

$10.00 


3. Highway Curves, Fourth Edition, By 
the late Howarp Cuaptn Ives. 4th Ed. by 
Puitie Kissam, Princeton University. 1952 
389 pages. $7.00 


4. Soil Testing for Engineers, By T- 
Witiiam Lamas, Massachusetts Institute 
Of Technology. 1951. 165 pages. $5.00 


5. Theory of Elasticity and Plasticity, 
By the late H. M. WesterGaarp, Harvard 
University. Harvard Monograph in Ap- 
plied Science No. 3. 1952. Approx. 176 
pages. Prob. $5.00 


6. Irrigation Engineering, Volume |. By 
Ivan E. Houx, Consulting Engineer. 195] 
545 pages. $9.00 


7. Nomography and Empirical Equa- 
tions, By Lee H. fonnson. 1952. 
150 pages. $3.75. 


SEND NOW FOR COPIES ON 10-DAY TRIAL 


JOHN WILEY & SONS, 


INC. 


440 Fourth Avenue, New York 16, N. Y. 
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surety bonds when we had little to show 
for it except ambition, muscle and honesty 
The surety firm that bonded us then, stil] 
bonds us today, when our millions in bonds 
must be “joint-ventured’”’ through this 
firm to many others. We value highly the 
great free-enterprising financial institutions 
that are essential vertebrae in the backbone 
of American business. 


Summarizing, we have seen that the 
basic purpose of bonds is to indemnify 
against loss, but that their corollary 
effects of cost reduction, loss preven- 
tion, stabilization and know-how are 
of equal value and importance. 

Nobody appreciates more than the 
surety business that this great coun- 
try has been built by a host of honest 
and capable citizens known as con- 
tractors and engineers. They stand 
among our nation’s richest assets, 
for they have done the work, they 
have taken the risks, and they deserve 
the credit. The sureties claim only 
the small but vital role of a construc- 
tion catalyst which has accelerated 
the amazing growth and sparked the 
smooth teamwork that have made 
American construction, and America, 
the envy of the world. It is almost 
prophetic that the initial letters of 
this granddaddy of the engineering 
societies, the ASCE, should also 
indicate four major partners in the 
all-American joint venture known as 
the construction fraternity: “A” 
for Architect, “S’’ for Surety, “C’ 
for Contractor, and “E”’ for Engi- 
neer. We are, in truth, a fraternity, 
for your success is our success, and 
our aim like your aim is completion 
by faithful performance. 

There is one building, however, 
which we pray will never be com- 
pleted, and that is the building of 
America, for that generation which 
does complete it shall paradoxically 
have defaulted. Generations de- 
faulted once before at Babylon and 
Nineveh—the so-called “Garden of 
Eden’’—-because they forgot that 
“Except the Lord build the house 
they labor in vain that build it,’ and 
we modern engineers, who at this 
very moment are attempting to 
restore that ancient land, will like- 
wise fail in that country and in our 

own, unless like Edwin Markham we 
ask: 


Why build these cities glorious 
If man unbuilded goes? 
In vain we build the world, unless 
The Builder also grows. 
(This article is based on the paper Mr 
Higgins presented before the joint session of 
the ASCE Construction Division and the 


Associated General Contractors of America, 
Inc., at the Centennial Convention in Chicago.) 
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Highway maintenance... 


This article begins on page 89 








competent character of most main- 
tenance organizations today, the 
greatest opportunity to further ad- 
vance the effectiveness and efficiency 
of maintenance operations now lies 
in the attention we give to the human 
element. 

Maintenance materials are, in gen- 
eral, selected in accordance with care- 
fully prepared specifications, tested 
for adequacy and compliance, and 
carefully placed on a road in their 
finished form. The same careful at- 
tention is given in the selection, im- 
provement, and operation of ma- 
chinery. The future undoubtedly will 
bring machinery that will be even 
better than what we now have. It will 
bring materials undreamed of today. 
Also, no doubt, methods far superior 
to those in use today will be devised. 

Proper blending of money, machin- 
ery, materials, methods, and men 
should bring about perfection in main- 
tenance operations. Nevertheless, 
maintenance alone will not correct 
highway obsolescence. This must be 
done by new construction. 

Yet the man who is doing the 
maintenance job today is identically 
the same in physique as the one who 
will do it tomorrow. Thus, the chal- 
lenge to all who are charged in any 
way with maintaining the highways of 
tomorrow clearly lies in molding 
that man into a workman who is both 
capable and willing to do the job at 
hand. The potential for human 
development and improvement is 
unlimited. 

First, of course, the man engaged in 
highway maintenance will want a 
fair day’s pay for a fair day’s work, 
comparable to that of his friend who 
is engaged in skilled labor elsewhere. 
He will want his job to be a steady 
one, too—not seasonal—with accept- 
able protection against physical in- 
jury and from the elements. And he 
will want economic security—pro- 
tection from unjust and indiscrimi- 
nate discharge, along with adequate 
provisions for retirement. The en- 
couragement of individual initiative 
is a highly important item at all 
levels of operation in a maintenance 
organization. All personnel should 
have a thorough understanding of the 
assigned task and be busy about that 
task. The entire organization for 
maintenance operation, from the 
worker to the state maintenance 
engineer, should be composed of 
skilled and trained men. 

And so, in one hundred years of road 
maintenance in this country, we have 
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come from the axe and the pick and 
the shovel, from the plow pulled by 
oxen and horses, and from men 
with limited skill and knowledge, 
to today’s vast array of equipment 
and materials in the hands of skilled 
and trained workmen and engineers 
maintaining hundreds of thousands 
of miles of highways for the benefit 
of millions of vehicles. 


Today, as we look ahead, there are 
many questions. Can we as highway 
maintenance men keep pace with the 
men who are building motor vehicles? 
Can we find ways to repair the roads 
as the number of vehicles using them 
increases? Never was the challenge 
any greater, but highway mainte- 
nance men will meet it. 


(This article is based on the paper pre- 
sented by Mr. Whitton before the Highway 
Division session presided over by William N. 
Carey, Jr., secretary of the Division’s Execu 
tive Committee, at the Centennial Convention 
in Chicago.) 





BROWN & BROWN, INC. 


Fig. B-68. Type M (Circular) Gate 


Fig. B-61. Type M-M 





TIDE GATES 








Type M (Circular) Gate is available in all standard pipe sizes. 
bulletin number 69 which describes them fully. 


Type M-M (Rectangular) Tide Gates are available in 37 sizes from 8" x 8" to 96" x 96". 
Write today for free bulletin number 71 which describes them fully. 


BROWN & BROWN, INC.....LIMA, OHIO, U.S.A. 


TO SUIT YOUR NEEDS 
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Fig. B-144-A 


One of Two 48” Type M Gates installed 
in Ft. Stanton Park Reservoir, Washington, 
D. C., to maintain direction of flow. 
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Two 72” x 72” Type M-M Gates on 
Toby Creek Outlet Works, Plymouth, Pa. 





Write today for free 
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Municipal refuse . . . 
This article begins on page 127 





Continued from page 134) 


services, or one route, per day, a single 
truck can handle 1,770 (3 590) services 
per week with twice-per-week collection, 
or three routes, one each on Monday and 
Friday, and 
Assuming 20 
services are 


Thursday, Tuesday and 
Wednesday and Saturday 


percent of the commercial 





.. BEST! 


Aero-Acce\o*™™ 


Biosorption Pr® 


routes as 
12,120 
1,770 
= 7 trucks will be required to service 
the 21 residential collection routes. 

The commercial refuse truck require 
ments are found in a similar manner. 
Based on 250 Ib of refuse per service per 
week and six collections per service per 

- apt a 
week, a truck can handle — ae 4 
= 340 services per day, or 170 services 
there are 480 strictly 


included in the residential 


‘“‘neighborhood"’ business services, 


Since 


per trip. 
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IN SEWAGE TREATME 


For best results use the team that goes together best... 
Infilco’s BIOSORPTION PROCESS and the AERO-ACCELATOR. 


The BiosoRPTION PROCESS has shown phenomenal results in the 
reduction of B.O.D. and suspended solids. So also are the results 
in efficiency, low maintenance and appreciable space-savings. 
The advantages of the AERO-ACCELATOR as a combined mixer- 
clarifier have been proved in many diversified installations. 
Together these two form a winning team. 


Ask for bulletins describing Infilco’s siosonPTION PROCESS 
and the AERO-ACCELATOR. See how the combination of these 


two can pay out handsomely. 





IMFILCO IMC. Tucson, Arizona 


Plants in Chicago & Joliet, Mlinois 
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480 
340 
be required to serve the commercial dis 
trict. 

Thus a total of 9 trucks working six 
days per week will be necessary to handle 
the refuse collection problem, 

Assuming a density of combined gar 
bage and refuse in a packer-type col 
lection 160 Ib per cu yd is 
3.55 & 2,000 
obtained, a 

160) 
yd packer body should be used 

The operation will require 18 refuse 
collectors on a 48-hour week, or a; 
proximately 22 men on a 40-hour work 


commercial services, => 2 trucks will 


vehicle of 


> 15- or l6-cu 


week. 

The estimated cost 
disposal with the above system is $7.14 
per ton. To obtain the total cost of the 
refuse activity, allowances must be made 
for administration and overhead such as 
employee benefits, retirement, insurance 
Assuming 10 percent of the 


of collection and 


and taxes 


total cost of the refuse activity is at 
tributed to administration, the total cost, 
' ‘ 7.14 
exclusive of overhead, will be ao 
Oo) 


$7.93 per ton. 
The annual production of residential 


refuse is 
l 
12,120 K 48 X 52 & = 15,150 tons 
2 000 
and, of commercial, 
l 
i180 <X 250 X 52 & = 3,120 tons. 
2.000 


The estimated total annual cost of refuse 
collection and disposal is then 


$7.93 X 18,270 = $144,880.00 


This investigation was carried out 
as part of the University of California 
Sanitary Engineering Research Proj- 
ect under the general direction of 
Prof. Harold B. Gotaas, M. ASCE, 
Project Director. Special credit is 
due Vinton W. Bacon, A.M. ASCE, 
Harvey F. Ludwig, A.M.ASCE, and 
Raymond VY. Stone, Jr., J.M.ASCE, 
for their valuable assistance in the 
organization of the field studies. 

Officials and administrative officers 
of the 13 California cities, several 
private organizations, and personnel 
of the Bureau of Vector Control of the 
California State Department of 
Health, have rendered excellent co- 
operation in the field investigations. 
The valuable assistance rendered by 
numerous undergraduate and gradu- 
ate engineering students in the con- 
duct of the field studies is also grate- 
fully acknowledged. 


(This article is based on the paper pre 
sented by the authors before a joint session ¢ 
ASCE’s Sanitary Engineering Division and 
APHA's Engineering Section, presided over 
by Prof. Rolf Eliassen, M. ASCE, at the Cen 
tennial Convention in Chicago.) 
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Timber bridges . . . 


Continued from page 171 





appeared at first to solve the roadway 
flooring problem because it was light 
weight and rigid, and had a good 
riding surface. However, replace 
ment became a major task and it was 
difficult to protect it from the wear 
and tear of traffic. Use of this deck 
today is generally limited to bridges 
on secondary or lightly traveled roads. 

Probably the next important step 
was the introduction of the composite 
structure, in which timber and con 
crete are combined. By proper bond 
ing of the timber stringers to the con 
crete roadway slab with shear keys, an 
economical T-beam design resulted 
which gave a satisfactory slab that 
did not have to be replaced during the 
life of the structure. Another type 
of composite design which has been 
used quite extensively is a_ solid, 
laminated, timber-slab span running 
parallel with the roadway. For a 
topping, a concrete slab is attached to 
the timber slab by shear keys to as 
sure composite action. 


Stronger Fastenings Developed 


The first timber joints and splices 
were made with wooden and 
later ones with iron bolts and nails. 
Then the steel gusset plate, to which 


pegs, 


the members were attached with 
bolts, was introduced. Steel shear 


blocks notched into the member were 
used in tension splices, but this re 
duced the net section considerably. 
With the development of the ring 
connector, timber fabrication for 
highway bridges took on new life. 
This type of joint eliminated most of 
the weaknesses of the other types of 
joints and is now generally accepted. 


Glued, Laminated Lumber 


Perhaps the latest, and one of the 
most important, developments that 
directly affects the highway bridge 
is glued, laminated structural lumber. 
The adhesive used to form the lamina 
tions into one piece resists exposure 
to weather and pressure treatment 
Curved chords and arch ribs are 
fabricated by bending relatively lim- 
ber planks to shape, and gluing them 
into one piece while they are held in 
this position. 

Glued, laminated timber has been 
a successful substitute for the now 
hard-to-get dense  structural-grade 
timbers in the larger sizes and longer 
lengths. Also lumber of a lower stress 
grade can be inserted in that part of a 
member not subject to high stresses. 
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The top and bottom laminations of a 
beam subject to high flexural stresses 
would be composed of a dense struc- 
tural grade, whereas those near the 
center of the beam could be of a lower 
stress grade. 

Thus timber has played an impor- 
tant role in the development of high- 
way bridges and continues to do so by 
progressive improvements and devel- 
opments in its manufacture, fabrica- 
tion, and treatment. Engineers 
should not make the mistake of taking 


timber highway bridges off their list. 

The writer wishes to give credit for 
the information on the early bridges 
to his friend and fellow highway 
bridge engineer, Llewellyn N. Ed- 
wards, M. ASCE, recently deceased. 


(This article is based on the paper pre 
sented by Mr. Archibald in the Wood Sym- 
posium, held jointly by the ASCE Structural 
Division, AREA, ASTM, and ASME, at 
the session presided over by George E. Bran- 
dow, M. ASCE, at the Centennial Conven- 


tion in Chicago.) 








THE SOLUTION 


to Problems in Design 
and Construction 








Ferguson has designed and delivered producing facil- 


ities in record time for the world’s leading industrial- 


ists ...in all phases of engineering and construction. 


Our staff of trained and experienced personnel— 


top-notch men in all key positions—also assures com- 


petent service in the preparation of working plans, 


specifications and estimates. 


We extend congratulations to The American Society of Civil 


Engineers on the 100th anniversary of organized civilian 


engineering in America. 


THE 


H-K-FERGUSON 


COMPANY 


ENGINEERS AN 





p BUILDERS 


EXECUTIVE OFFICES: Ferguson Bidg., Cleveland « NEW YORK OFFICE: 19 Rector St. e HOUSTON 
OFFICE: 2620 S. Main St. e CHICAGO OFFICE: 1 N. LaSalle Bidg. ¢ LOS ANGELES OFFICE: 411 West 
5th St. e CINCINNATI OFFICE: 31 E. 12th St. ¢ SAN FRANCISCO OFFICE: 74 New Montgomery St. 
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TWO WAYS TO GET BETTER COMPACTION 





offered only by BUFFALO-SPRINGFIELD 





KX-3 AXLE TANDEM: 


The smoothest pavements ever compacted by a roller, the 
work output of two standard-type tandems, by a single ma- 
chine and a single operator . . . that’s the job record of this 
3-axle design, exclusive with Buffalo-Springfield. Full weight 
of both guide rolls automatically transferred to high spots . . . 
where maximum compactive effort is needed most. Both 
guide rolls steerable for optimum maneuverability, trouble- 
free Buffalo-Springfield bevel-gear final drive. 








GARDNER SEGMENTED ROLL: 





A great new development from Buffalo-Springfield, the world’s 
largest exclusive manufacturer of road rollers. Heavy steel 
islands on sturdy spokes are placed in staggered rows around 
the axle, giving 3 to 7°% greater compaction density than con- 
ventional rollers. Roller-bearing mounted and rotating in two 
independent sections, the Gardner Segmented Roll steers freely. 
Available as an interchangeable guide roll on a wide range of 
Buffalo-Springfield rollers in both current and previous designs. 
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Tandem Rollers Portable Rollers 


Three- Wheel Rollers Trench Rollers 





The Modern Method 
of Controlling Fish 


APPLICATIONS: 


@ Water Works 
@ Heat Exchangers 

@ Electric Seining 

@ Irrigation Projects 

@ Hydro-Electric Plants 

@ Industrial Pumping Installations 
@ Selective Control of Lampreys, 
Fish, Crabs, Shrimp, Starfish, 
Mussels, etc. 









BURKEY ELECTRIC FISH SCREEN 


The following are among those 
using Burkey Electric Fish Screens 


@ U. S. Steel Co. 

@ Contziner Corp. 

@ The M. W. Kellogs Co. 

@ Universal-Atles Cement Co. 
Pecific Gas & Electric Co. 
Youngstown Sheet & Tube Co. 





«e 
* 
@ E. 1. duPont de Nemours & Co. 
@ U.S. Fish & Wildlife Service 
® 
° 


Stone & Webster Engineesing Corp. Electronic contro! 
Metropolitan Water District of So. Calif. p . 
@ State Conservation & Municipal Governments watts ere 
@ Installations in Canada, South America, Europe by Westinghouse 


Electric Fish Screen Corporation 


1130 N. Poinsettia Place Hollywood 46, Californic 
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Good concrete... 


This article begins on page 67 





(Continued from page 71) 
procedures followed. The following 
precautions should be taken: 


1. Use equipment which permits 
gady observation of the concrete consist- 
emcy in the drum when it arrives at the 
job site. 

2. Mix only two-thirds of the re- 
qired 40 to 60 revolutions at mixing 
geed at the beginning of the trip and 
hold back a portion of the required mix- 
ing water. 

3. Finish the trip with the drum re- 
volving at agitator speed. 

4. On arrival at the job, bring the 
mix to proper consistency by adding the 
remaining tempering water. 

5. Install an indicating and totaliz- 
ing water meter between mixer drum and 
water supply tank. 

6. Provide each mixer with a revolu 
tion counter. 

7. Exercise particular care in the 
charging and discharging operations. 

8. Do not use the concrete from a 
single load at several locations as this 
will result in excessive slump loss and 
non-uniformity. 

9. Paint mixer drums white and keep 
dean to minimize excessive slump loss in 
hot weather. 

10. Keep 
weather. 


materials cool in_ hot 


In the final analysis, good equip- 
ment and efficient plants alone will 
not turn out concrete of uniformly 
high quality. In the first place, 
those in responsible charge of the 
work must recognize the importance 
of, and necessity for adequate control, 
down to the smallest detail, and in- 
telligent operation. 

Most important of all, the opera- 
tors must take pride in their work 
and exercise unremitting care. If it 
is felt that such personnel are diffi- 
cult to find under present-day condi- 
tions, we can turn back a couple of 
thousand years and find that condi- 
tions haven’t changed much. Fron- 
tinius, Water Commissioner of Rome, 
wrote in A.D. 97: 


Nor is greater care required upon any 
works (masonry), than upon such as are to 
withstand the action of water; for this reason, 
all parts of the work need to be done exactly 
according to the rules of the art, which all 
the workmen know but few observe. 


All photographs are by courtesy of 
the U.S. Bureau of Reclamation. 


(This article was prepared from the paper 
by Mr. Blanks presented at a Construction 
Division session presided over by A. H. Ayers, 
chairman of the Division’s Executive Com- 
mittee, at the Centennial Convention in 
Chicago. ) 
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Koppers Pressure-Creosoted Piles 











NE of the two largest industrial Beta- 

trons in the world is installed at the 
Eddystone Plant of General Steel Cast- 
ings Company. It was built by the U.S. 
Army Corps of Engineers, Philadelphia 
District. This powerful Betatron pro- 
duces x-rays that are used to detect 
flaws in steel castings for U.S. Army 
tanks. It operates at an extremely high 
24,000,000 electron volts. 

To protect personnel from this dan- 
gerous radiation, the building has solid 
concrete walls 6-feet thick. 1,500 yards 
of concrete were used; and the building 
weighs approximately 4,000 tons. The 
foundation had to be strong and durable 
to support this load. And it also had to 
provide absolute stability for the deli- 


The Betatron is an extra powerful x-ray camera 
capable of generating 24,000,000 electron volts. 


This 4,000-ton concrete Betatron Building is sup- 
ported by Koppers Pressure-Creosoted Founda- 
tion Piles. 


cate Betatron mechanism. To obtain 
this strength and stability—at low cost 
—Koppers Pressure-Creosoted Founda- 
tion Piles were used. 

Koppers Pressure-Creosoted Foun- 
dation Piles support industrial and com- 
mercial structures of practically every 
type. They provide lasting protection 
against fungi, termites, and acids or 
alkalies in the soil—and they cost less 
than other permanent pile material. 
Furthermore, they can be obtained 
quickly from Koppers wood treating 
plants. 

If you would like more information 
on Koppers Pressure-Creosoted Foun- 
dation Piles, write to Koppers Com- 
pany, Inc., Pittsburgh 19, Pa. 


KOPPERS COMPANY, INC. 


Houston, Texas « 
Grenada, Miss. «+ 


Texarkana, Texas «+ 


Alexandria, La. 
North Little Rock, Ark. 


| PRESSURE-TREATED WOOD 
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COMPLETE YOUR MAP 
IN THE FIELD 


with a 


VEMCO 


CIVIL ENGINEERS’ DRAFTING 
MACHINE 








SIMILAR TO A TRANSIT 


Protractor divided to !»°. 
Two rows of figures, quad- 
rants and 0° to 360°. 


Double vernier reads to 1’. 


(minute) 
Precision Micrometer Screw 
adjustments. 





Built-in Magnifying Glass for 
accurate reading. 








This machine repeats on the drafting table the operations of a transit 
in the field, the edge of the scale taking the place of the line of 
collimation of the telescope. This enables the engineer to plot, directly 
from field notes, any type of surveying data, including traverses or 
side shots, by deflection angles, bearings, or azimuths; also, prelimin- 
ary loy-outs for triangulation nets. 


This VEMCO Drafting Machine has all the refinements required by the 
United States Coast and Geodetic Survey. 


WRITE FOR OUR FREE ILLUSTRATED CATALOG 


V & E MANUFACTURING CO. 


P. O. BOX 950M PASADENA 20, CALIF. 
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New bar tensioning units make prestressing 


practical for all types of structures 

The Stressteel Corporation offers to the U. mstruction indus- 
try STRESSTEEL tensioning units, which now make prestressed con- 
crete more economical than reinforced concrete or structural steel in 


a wide variety of linear structures. 


The pring ipal obstacle to wider use of prestressed concrete by 
American engineers and architects in such structures as bridges and 
building frames has been the high labor costs required to place, 
stress and anchor high carbon wire. Until now this wire has been 
the only steel capable of the sustained high stresses necessary to 
prestress concrete. These costs have often offset the tremendous sav- 


ings in materials offered by prestressed construction. 


The Stressteet bar is the American equivalent of the Macalloy 


bar, developed in England specifically to reduce prestressing labor 
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Active in General Construction work since 1935. 
Have constructed Sanitation Works, Industrial 
Structures, Foundations, Water Front Improve- 
ments, and Airport Facilities. Recent jobs include 
Air Base Construction for the Corps of Engineers, 
U. S. Army; Hangars 3, 4, & 5 at N. Y. Interna- 
tional Airport for the Port of N. Y. Authority; a 
bridge over the West Shore R.R. & N. Y. S. & 
WRR at Ridgefield, N. J., for the N. J. Turnpike 
Authority. 


In former years, constructed Pump and Power 
House, C. |. Sewage Treatment Works; Municipal 
Asphalt Plant at East 90th Street, N. Y. C.; Founda- 
tions for such structures as Fort Hamilton Veterans 
Hospital, Port Authority Truck Terminal at Newark, 
N. J., Federal Building, Idlewild Airport; and 
numerous other jobs such as Terminal Facilities, 
N. Y. International Airport; Shipping Gallery, 
Port Authority Grain Terminal; Water Treatment 
Plant, Rahway, N. J.; Water Supply System, 
Schenectady, N. Y., etc. 


STOCK 
CONSTRUCTION CORPORATION 
GRAND CENTRAL TERMINAL, N. Y. 














ss 


SF Stressteel 


for prestressing 


costs. and widely used there under the Lee-McCall method. This 
bar has a guaranteed ultimate strength of 145,000 psi and a yield 
strength of 130,000 psi at 0.7% elongation. One StressTeer bar 1%” 
in diameter does the work of 22 wires of .192” diameter. STRESSTEEL 
bars are available in diameters of 4" to 144" and in lengths up to 
80°. High efficiency couplers increase the bars to any desired length. 

StTressTeet bars and anchorage assemblies can be placed, stressed 
and anchored with only 25 to 45 man hours per ton, as against 130 


to 150 man hours per ton of high carbon wire. 


For your copy of the Stressteet Manual, which 
contains complete information about this impor- 


tant new product, write today to 


Stressteel Corporation 


Box 12, 207 East 37th Street 


Stressteel New York 16, N. Y. 
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LOW ON BIDS... 
LONG ON EXPERIENCE 


Mayo 
TUNNEL 
FORMS 


Write for 
Free Bulletin and 
METRIC 
CONVERSION 
CHART 












Learn about outstanding 
Mayo installations of Tunnel 
and other Steel Forms. Write 
today for free copy of Bulletin 
1§ and also for useful, popular 
chart converting meters to ft. 


TUNNEL & MINE EQUIPMENT 
mayo LANCASTER, PA 













RUGGED COUNTRY atta 


RUGGED ALTIMETERS 






Whether you're surveying rough terrain or gentle slopes, 
it’s nice to know that your precision altimeters are rugged and 
durable enough to withstand severe shocks and vibrations. This 
security is yours with W&T Sensitive Altimeters. 

Consider particularly the W&T Sensitive Altimeter Type FA-181 
— an instrument in which construction and precision meet the 
exacting requirements of military service. The Type FA-181 is 
aluminum cased and has a latched metal lid for protection under 
all climatic conditions. Severa! standard ranges are available. The 
~1000 to 6000 foot range, for example, is readable to one foot — 
with sensitivity of one part in 8000. A d t (with a diti 
indicator) is included to absorb moisture which may enter the case. 
The Altimeter is compensated for temperature changes and read- 
ings do not require correction 

important features of the FA-18) os well os other WAT Altimeter: include: 
SF GALANCING PRECIP. No adjustment or setting is required. 

There is no 

Scales are individually drawn for each mecha- 

nism and require no correction 

The mechanism is simple and is shock-proof 
mounted within the instrument case 

WA4T Altimeters rival the accuracy of the finest 
laboratory standards and performance stated in 

the specifications is guaranteed 

An altimetry marual is furnished with every W&T Altimeter. 
Also available is the W&T Palmer Altirule, a graphic computer 
for calculating elevations of field stations without computation 
when using the Two Base Method of Precise Altimetry. 


WALLACE & TIERNAN 
PRODUCTS, INC. 


ELEC TNC AL MECHANISMS AND PRECISION INSTRUMENTS 
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GET THESE 
ADVANTAGES 
BY ADDING 


SOLVAY 


CALCIUM CHLORIDE 
TO YOUR CONCRETE 


@ Cuts setting time in half. 


@ Reduces curing period; permits quicker 
use. 


@ Increases both early and _ ultimate 
strength. 


e@ Offsets effects of low temperatures. 


e@ Can be used with regular, air en- 
trained, high early, colored or low 
heat cement. 
































Y) 


. ADDS EXTRA STRENGTH 
C alcium SPEEDS OPERATIONS 


Chloride CUTS DELAYS 





FREE BOOK GIVES FULL DETAILS. ‘‘The Effects 
of Calcium Chloride on Portland Cement" is 
offered by Solvay to architects, engineers, con- 
tractors—anyone who works with concrete. It 
is filled with authentic information and 
answers all of your questions about the 
use of Calcium Chloride in concrete. 
For your free copy, write on your 
business letterhead. 





SOLVAY PROCESS DIVISION 
Allied Chemical & Dye Corporation 
Dept. CE-9, 61 BROADWAY, NEW YORK 6, N. Y. 
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equipment to handle your municipal, 
industrial & defense projects 


When people are counting on you to meet vital con- 
struction schedules . . . you've got to have material 
from a convenient source. Universal has a reputation 
for delivering material which is right the'first time . . . 
plus the equipment and facilities to give you concrete 
Pipe when you need it . . . where you need it. 23 major 
plants, located in primary building areas, gives you a 
source of supply where you want it! 


ATTENTION CONTRACTORS DOING BUSINESS ABROAD! Universal can 
supply you with pipe making machines and all necessary equipment for 
— making pipe. Details on request. 
ghway . 


Cribbing Wall - 









2, . 
: TER 






_. Culvert Pipe Flat-base Package Sewer Pipe 
Sous Const ti - fl 
Site-Cast ree Culve Bridge Project 
Equipment 


UNIVERSAL C NCRETE PIPE see, Tampa. GA., Atlanta. KY.: Louisville (Dixie Concrete Pipe 
. Co.). MD.: 


Jessups. N. J.: Kenvil. N. Y.: Binghamton. N.Y.C., 

Pt. Washington, Rochester, Syracuse. OHIO: Columbus, Zanes- 

Home Office: 297 Ss. HIGH ST. COLUMBUS 15, OHIO ville. PA.: Norristown, Pittsburgh. TENN.: Nashville. W.VA.: 
Clarksburg, Dunbar, N. Martinsville, Wheeling. AFFILIATE— 


Contact nearest office: ALA.: Decatur, Dothan, Florence, FLA.: Concrete Pipe Co. of Ohio, Cleveland, Sandusky, Youngstown 
Miami, Ocala (Fia. Concrete Pipe Co.), St. Petersburg, Tallahas- Ohio; Erie, Pa. ‘ 
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E Seuteised A COMPLETE LINE HYDROLOGY HANDBOOK 


PREMOLDED FROM ONE SOURCE 
| JOINT FILLERS TO MEET ANY REQUIREMENTS SOCIETY pong NO. 28 


SELF-EX PANDING CORK dal 
For positive joint filling. “4 
cially treated to expand 5 7 
beyond original thickness 
after compression to keep 
joint filled under contraction 
. which opens space to more 
than original size. 












. 
MORK-PAK 7 
2x i i Servicised 
Exclusive with Servicise 

Lowest cost non-extruding 
joint filler. 80% recovery 
after compression. Low — 
ture absorption. Readily 


handled without breakage. 


Authoritative reference ina 
growing field 




















Thirty-three specialists have collaborated to pre- 
sent up to date coverage on 


Precipitation 

Infiltration 

Run-Off 

Evaporation and Transpiration 
Ground Water Storage 








SPONGE RUBBER CEMENTONE 
Blends with color of con- 
crete. For use in architec- 
tural concrete structures 
such as bridges, viaducts, 
etc.. where black color of 
ordinary fillers would be 
objectionable. Fully resilient 
—non-extruding. 


HALT 
coo, an easily compressible 
cushion. Highly waterproc’. 
low in cost. Made in 5 thick- 
nesses in any length or widt h. 
Formed between two we 
of asphalt saturated felt 
paper which increases 
strength and rigidity, im- 
proves handling. 





Continuous demand for this manual evidences its 
wide acceptance by teachers and practicing 
engineers. 


Cchanllle ahs Ba 





. 








oan Use this handy order blank 
WRITE FOR THE COMPL 


SRBoooGo95 


. ALOG. enenencnanenahenenenanenen ee 

| High recovery factor (95% ) me oy the full line of U1... copies paper covers (non members) $3.00 each 

after compression, non- Dene Oe alt, Carls 

- : alities and light Servicis + pee mori: 

ee Oak Joint Filler and Rubber Composition 

id =| for use in flood walls, products. dia oa ' pre 

ideal for us A we 0 4 RK. 

outlet works and spillways, *KORK PAK is one bana - 

sewage treatment plants, of the many Pate 








Payment is enclosed herewith 





a i try 
° he Construction Industr} 
aga by Servicised Products Corp. 





filtration plants and bridge I products developed for 


Name 








Cit 
6051 W. 65TH STREET 7 CHICAGO 38, ILLINOIS . 


. | Address rade of ership 
SERVICISED PRODUCTS CORP. | “s Sivaneas 


re 
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IMPORTANT BOOKS 
FOR ENGINEERS 


A. Kleinlogel 
RIGID FRAME FORMULAS 


This remarkable book embraces nearly all the practical single- 
span types of rigid frames. With its» unique pictorial 
character, this book offers rapid results. Invaluable for every 
engineer. 1,643 figures. $10.00 


INFLUENCES ON CONCRETE 


The most comprehensive work dealing with various influences 
on cement, mortar, concrete, and reinforced concrete and the 
diminution and prevention of these influences. Encyclopedic 
arrangement. $7.50 


P. W. Abeles 
Principles and Practice of 
PRESTRESSED CONCRETE 


A comprehensive account of the theory, and practical applica- 
tions of prestressed concrete. Includes new formulas for 
analysis and design, and reports of tests in various parts of 


the world. $3.75 


Paul Rogers 
Tables and Formulas for FIXED END MOMENTS 


A time-saving manual giving solutions of fixed end moments 
for rigid frames and continuous beams. Each condition is in- 
dicated with a loading diagram, mathematical formulas, 
tables of fixed end moment coefficients, and charts. $3.50 


Write for list of additional titles 


FREDERICK UNGAR PUBLISHING CO. 
105 East 24th Street, New York 10, N. Y. 











Congratulations 


to the Society and its Members 


upon their 100th Anniversary 


S. J. GROVES & SONS COMPANY 


Engineers Contractors 
Heavy Construction 


since 1904 


Vain Office 


Minneapolis, Minn. 


Branch Offices 


New York City Woodbridge, N. J 


Syracuse, N. Y Springfield, Ill. 
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NOW! BY ANY PROCESS! 


SHARPER 


with the world’s finest, largest selling 


VENUS 


DRAWING PENCILS 








e ACCURATELY GRADED 


—in 17 degrees 
e STRONGER - the lead 


is Pressure -Proofed* 


e SMOOTHER -— the lead 
is Colloidal* processed 










* Exclusive Venus patent 








Uniform lines in weight and 
tone. Opaque lines for sharp, 
clear reproduction. Strong 
points, smooth in action. No 
smudge; no ghosts from era- 
sures. There's the right degree 
for your favorite tracing pa- 
pers. The result: sharper 
prints—by any process! 













YOUR REFILL 
ABLE PENCIL 
USE VENUS RE 
FILLABLE LEADS 
ACCURATELY 
GRADEC 





TRY Veaous on your pa- 
pers. Then see the print 
quality. Get Venus Techni- 
cal Test Kit with pencils , 
in the degrees 


you want..... FREE! 









AMERICAN PENCIL COMPANY D , | 
Hoboken, New Jersey ep, CE-952 | 
Please send me free Venus Technical Test Kit with two Venus I 
Drawing Pencils in these degrees: ( ) ( ). 
RS cb dine ction kina dere ue | 
PRS cates:es cance adiewas cbude dbdbadeecnne 
re ee er ee 2 ee | 

Pe indsbedbdnnevnnredecees 5 tes Dene danbuseoets | 

a ee ee EE I | 
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EQUIPMENT, MATERIALS and METHODS 





NEW DEVELOPMENTS 


Side Dump Truck Bodies 


A LINE OF SIDE pump truck bodies for 
heavy duty applications is announced 
Known by the descriptive name ‘Roll- 
Over," these are available in a wide variety 
of sizes and capacities. Entirely mechani- 
cal in operation, Roll-Overs dump to 
either right or left side, as desired. Bodies 
are of 10 gauge steel, can be mounted on 
all standard trailers, and will withstand 
the most severe service. The self-con 
tained subframe consists of three heavy 
box type outrigger cross members. Front 
and rear outriggers are built with a series 
of gear-like teeth which roll inside the 
formed channel tracks welded to the body. 
This construction locks the body in a sta- 
tionary position and prevents forward or 
backward movement of the body on the 
subframe. Main locking mechanism is a 
down-pull spring-loaded type plunger pin 
which engages in a socket built into an 
angle welded to the head of the body 
Lock pin is actuated by a lever mounted 
to an A-type frame welded to the front of 
the subframe. Lever can be operated from 
either side of body. To effect dump opera 
tion, driver disengages the spring lock 





Roll-Overs 


chain on the opposite side of the body to 
which load is to discharge, then releases 
plunger lock lever. Bodies can be righted 
manually or by a slight snaking movement 
of the truck. Roll-Overs, are perfectly 
adapted for a wide variety of material 
handling operations. They are particu 
larly recommended for use on general con 
struction projects, coal shipping, metal 
mining, quarrying, barge loading, stock 
piling, etc. The Galion Allsteel Body Co., 
Galion, Ohio. 


Quick Setting Cement 


SECURELY FASTENING machinery, hand 
rails, seats or equipment of any type to 
concrete by means of anchor bolts—or 
permanently repairing chuck holes and 
breaks in concrete floors—can now be done 
quickly, easily and safely with Por-Rok 
quick setting cement. It successfully re- 
replaces critical lead and sulphur for most 
bolt-setting operations. Applied cold, there 
is no heating hazard, and it requires only a 
few minutes to set up. Por-Rok is self 
bonding, self-leveling, oil-resistant, and 
does not shrink. It attains a compression 
strength of 4500 lbs psi within one hour. 
The Hallemite Manufacturing Company, 
2446 West 25th St., Cleveland 13, Ohio. 
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INTEREST AS 


Pusher Unit 


A PUSHER UNIT called the Tournatrac- * 


tor, for contractors who are using dozers 
exclusively as pushers, is being offered 
The pusher is a new version of the Super 
C Tournadozer with the dozer blade, 
power control unit, A-frame and dozer 
controls omitted. In place of these is a 
massive billet, 3 ia. by 15 in. and spanning 





Tournatractor 


the width of the machine. On the billet 
the manufacturer has placed a large 
pusher plate. The Tournatractor can be 
equipped with a torque-converter as 
original equipment and is equally adapt- 
able to pulling operations, either with a 
rear power control unit or with its draw- 
bar alone. If later the need for a dozer 
develops, the billet and pusher plate can 
easily be removed and the A-frame, power 
control unit and dozer added. R. G. 
LeTourneau, Inc., Peoria, Ill. 


Liquid-Level Control 


AN ELECTRICAL SYSTEM for sewage and 
water level control and indication has 
been announced. Called Thermasul, the 
system can be used in wet wells, sumps, 
reservoirs, tanks, standpipes, 
ete., and will control pump motors, pump 
motor speeds, and supervisory and alarm 
circuits. Basically, the Thermasul ele 
ment consists of a temperature-sensitive, 
sintered-sulphide compound around which 
is wound a resistance heater; the whole 
assembly hermetically sealed in a stain- 
less-steel tube. In air, resistance of the 
element is low because the heater keeps 
the level detector approximately 280 
degrees C above the ambient air tempera- 
ture. When the detector is immersed in 
liquid, however, the heat is conducted 
away and the resistance of the element 
jumps up rapidly, operating a small, re- 
motely-located relay. Thus, the Ther 
masul element acts as a switch, opening 
and closing the relay with the presence or 
absence of liquid. The relay, in turn, 
can be used to control pump motors, and 
circuits for alarm, supervisory, and control 
equipment. With the addition of stand 
ard accessories, Thermasul permits great 
versatility in pump programming. Gen- 
eral Electric Company, Schenectady 5, 
N. Y. 


elevated 


REPORTED BY 


MANUFACTURERS 


Grid Roller 


AN ENTIRELY NEW METHOD of econom- 
ical bituminous highway salvage and 
repair is now possible by means of a revolu- 
tionary tool, called the Grid Roller. The 
tool is designed for towing behind a motor 
grader or tractor and is based on the latest 
techniques and knowledge gained from 
actual field experience in the past three 
years. The Grid Roller solves the prob- 
lem of salvaging bituminous roads, regard- 
less of age, by its three-way action. It 
disintegrates the old mat material, com- 
pacts the base and rolls the new surface 
In the Grid Roller, two methods of 
counterweighings are available to increase 
its adaptability. The Grid Roller may be 
counterweighed with reinforced concrete, 
T-shaped weights weighing about 1125 
Ibs each, shaped to fit in slots in the frame 
which will hold up to 16 pieces. By 
changing the number of concrete sections 
the total weight can be varied according to 
the requirements of the particular opera- 
tion. Also available as optional equip- 
ment is a set of counterweight boxes with 
total capacity of about 16,550 Ibs of scrap 
metal. The Grid Roller so equipped has 
an approximate gross weight of 30,000 Ibs 





Three-Way Action 


Other features include grids that are 
solidly welded to the wheel side plates 
The hardness of the grids have been in 
creased to about 340 Brinell to give them 
the best combination of wear resistance 
and toughness. The wheels are on two 
independent shafts, which allows the two 
wheel sections to be serviced separately 
Hyster Company, 2902 N. E. Clackamas 
St., Portland 8, Ore. 


Waterproofing Compound 


DASHIDE, A TRANSPARENT liquid, until 
recently under test by the U. S. Bureau 
of Standards, is claimed to be the only 
exterior wall waterproofing compound 
that actually will withstand hurricane 
driven rain*and water even years after 
application. Dashide is completely color- 
less. Brushed or sprayed on, it pene 
trates '/, in. to '/, in. into the wall sur- 
face, depending on porosity. It breaches 
and seals all hairline‘cracks, with no effect 
on the outward appearance of the walls so 
treated. It has proven completely resis- 
tant to acids, alkalis and temperature 
extremes without checking, cracking oF 
peeling. Dasco Chemical Co., Inc., Balti- 
more, Maryland. 
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Equipment, Materials & 
Methods (Continued) 


Portable Compressors 


A LINE OF GyRO-FLO portable compres 
sors with three sizes in addition to the 
widely acclaimed 600 cfm model is an- 
nounced. The introduction of 315, 210, 
and 105 cfm units makes the advantages 
of the rotary sliding-vane design available 
for a wide range of operating requirements 
Major benefits are simplicity and low cost 
of operation and maintenance, and greater 
reliability. Smaller dimensions, greatly 





Gyro-Flo 105 


reduced weight, and discharge tempera 
tures at least 100 degrees lower than con 
ventional portables are other important 
advantages The two-stage, oil-cooled, 
rotary sliding-vane compressor design of 
the Gyro-Flo machine eliminates most of 
the problems of reciprocating units for 
portable service. There are no valves to 
leak, no pistons, rings, rods or clutch to 
wear. Air, discharged at less than 200 
percent under normal operating conditions, 
together with thorough oil separation, 
eliminates hose deterioration caused by 
heat and oil. The continuous rotary action 
provides a steady flow of air without pulsa 
tions or vibrations. It is equipped with 
“Air Glide’ capacity control, the only 
stepless system that controls the air out 
put smoothly over the full range from 0 
to 100 percent capacity. This combines 
variable intake unloading of the compres 
sor and “floating speed’’ control of the 
engine Throughout the entire capacity 
range the air pressure stays between 100 
and 110 psi, assuring uniform work and 
more* work done by drills and other air 
tools. The 600 cfm model is powered by 
a General Motors diesel engine. The 315 
and 210 cfm sizes offer a choice of either 
GM diesels or Continental Red Seal gaso 
line engines. The 105 uses a Continental 
gasoline engine. Ingersoll-Rand Company, 
Dept. PC, 11 Broadway, New York 4, 
N. Y. 


When Requesting Literature, 
Please Tell The Manufacturers 
You Saw Their Products Men- 


tioned in Civil Engineering 


CIVIL ENGINEERING @ September 


1952 











Cantilevered glulam beams support roof of this 200° x 360° warehouse 


of MacRae Brothers 


general contractors, of Seattle, Washington 


Modern Mill-Type Construction 
Uses Cantilevered Glulam Beams 


H... is the skeleton of a 
profitable building investment — 
an illustration of permanent, 
maintenance-free construction 
which meets the requirements of 
strict fire ordinances and function- 
al, efficient use. 

Beam roof structure eliminates 
unused cubage, with worthwhile 
savings in cost and upkeep; and 
cantilevered design provides large 
economical areas of open floor 
space required for easy warehous- 
ing. Use of these heavy beams with 
walls of pre-cast concrete panels 
and laminated 2” x 4” roof deck, 


gave the owner a building which 
will resist destruction by fire to a 
degree matched only by much 
more costly construction. 

Beams were made by Timber 
Structures, Inc., pioneer in glued 
lamination, the science of joining 
seasoned lumber with glues as 
strong and permanent as the wood. 
Finished timber is free from sea- 
soning action, “stays put” without 
maintenance. 

For complete information on 
glulam beams, fill in and mail the 
coupon for booklet, “Engineered 
Timber Construction.” 


TIMBER StRucTURES, INC 


P. O. Box 3782-Y, Portiand 8, Oregon 


Offices in New York; Chicago; Detroit; Kansas City; Dallas; Rochester, Minn.; Seattle; Spokane 


TIMBER STRUCTURES, INC. OF CALIFORNIA + Ookland, California 


TIMBER STRUCTURES OF CANADA, LTD. - 


Representatives throughout the 


Ontario 


Peterborough 


Unite 


TIMBER STRUCTURES, INC. 
P. O. Box 3782-Y, Portland 8, Oregon 


Please send t klet, “Engineered Timber Construction” to 
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Arkwright Tracing Cloths a 





Equipment, Materials & 
Methods (Continued) 


Shovel-Type Sccop 


POSITIVE HANDLING of free-flowing or 
loose materials is speeded by the Tow- 
motor Scoop. Typical bulk loads that 
can be quickly picked up and transported 








Towmotor Scoop 


in the shovel-type scoop include coal, ore, 
foundry sand, cement, chemicals and 
many kinds of scrap. Easily tripped for 
gravity dumping at varied heights, the 
Towmotor scoop is specially suited to 
operation in close quarters. Towmotor 

| Corporation, 1226 E. 152nd St., Cleveland 
10, Ohio 


Chromium Stainless Steel 


Typt 430 cHROMIUM stainless steel is 
providing the answer to the shortage of 
quality corrosion resistant roof drainage 


e to help = equipment. A superior gutter and down- 

you do your best work more easily. ——— | spout material featuring durability and 
; . : ili of government controls and is readily 

a pinhole, uneven yarn or other imperfection | availableto the building trades. Marketed 


Arkwright cloth saves time. There’s never 


to slow you down. 


Arkwright cloth saves trouble. You can 
draw over erasures time and again and not 
have an ink line “feather”’. 

Arkwright cloth saves money. If needed, 
you can get clean, ghost-free reproduction 
from a drawing years after you make 
it—years after paper or inferior cloth would 
have turned brittle and opaque with age. 
Wouldn't you like to see for yourself 

why Arkwright Tracing Cloth is best? 
Write for samples to Arkwright Finishing 
Co., Industrial Trust Bldg., Providence, R. I ; 


ARKWRIGHT | 
Thacing (Uziha 


AMERICA’S STANDARD FOR OVER 36 
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non-staining attractiveness, it is free 


| ina variety of standard sizes and shapes, 
chromium stainless roof equipment is 
easy to fabricate, strong and durable 
Its extra strength enables it to withstand 
ice and snow loads without sagging, to 
resist buckling and cracking from extreme 
temperature changes. There are other 
advantages as well: soot, dirt, and roofing 
gravel wash over roof drainage equipment, 
often wear softer materials thin, especially 
in valleys and elbows. The hardness 
and abrasion resistance of chromium 
stainless steel gutters and downspouts 
is a valuable aid in overcoming such 
troubles. Nor does chromium stainless 
show the loose soluble oxide formation that 
other materials show. It exhibits no stain- 
| ing or streaking. This means that paint 

won't wash off the surface of the equip 

ment because of corrosion or bleeding 
| of the metal underneath. Maintenance 

procedures for stainless gutters and down- 
| spouts can be held to an absolute mini- 
| mum. American Iron & Steel Institute, 
350 Fifth Ave., New York, N. Y. 





September 1952 e CIVIL ENGINEERING 








A F 
blackto 
is beings 
Beale, 


3 





dozer 

remov: 
and st 
operat 
equipf 
D8 rol 
bits 1 
Hensl 
Ave., | 


Ma: 


THt 
tribut 
equip’ 
be mz 
get”. 
report 
crete 
power 
introc 
rately 
differ 
comp 
exam) 
mater 


Al 
was ¢ 
Blue 
fers 
koda, 
beha’ 
conct 
rect | 
venti 
pape 
oppo 
pape 
reve! 
veloy 
whic’ 
actio 
sulti: 
dak | 
N.Y 


CIVI 





Equipment, Materials & 
Methods (Continued) 


Removable Rippers 


A FASTER METHOD for simultaneous | 


ing or . 
Tow. blacktop removal and ground releveling | 
, is being used on the 160 acre job at Camp | 
— le, Marysville, Calif. Caterpillar | 
orted Beale, Marysville, ali aterpillar | 





HARDINGE 
CLARIFIERS 


or 





dozer blades are equipped with Hensley 


removable rippers that rip blacktop loose THICKENE RS 


and stack it in piles during the releveling | 








operation The tractor assembly is 
_ can 
equipped with the removable ripper teeth, 
ys > < Te “ge < > - on 
| 8 rollers, and dozer cutting edge and end solve your LIME—Two 32’-diameter by 15’-deep Hardinge Thickeners re- 
bits manufactured by the company claiming calcium carbonate for lime production from clarifier 
ore, Hensley Equipment Co., 878 Joaquin WASTE-WATER underflow in a water-treating plant 
and Ave., San Leandro, Calif. bl | 
| for proviems 
the 
| to Masonry and Concrete Sawing Hardinge has installed 
~ Equipment waste water treating or 
an — ° 
reclaiming equipment for 
[HE FORMATION of a company to dis- the following industrial 
tribute masonry and concrete sawing | Operations: 
equipment, is announced. Products will 
be marketed under the tradename “Tar COAL 
get”. Deliveries on diamond blades are 
reported immediate for masonry and con PAPER 
crete saws as well as small diameters for OIL 
power hand saws. Target blades will 
" introduce an entirely new system to accu GLASS , x 
- oO atelw identi >» anerificati a. . 
age rately identify blade specifications for LIME FLUE DUST—A 110’-ciameter, center-prer Hardinge Clarifier 
different materials. In place of the usually recovering 50 tons per day of usable solids from blast furnace flue 
wn F ; % Pp 
; complex symbols, color will be used. For STONE wash water in a steel plant. 
unc on 
example; Target gold blades for hard é 
ree . “> SAND 


+4 materials, blue blades for medium and 

~ red blades for soft or abrasive products FLUE-DUST 

- Robert G. Evans Company, 6315 Brookside 

Plaza, Kansas City, Mo. CARBON BLACK 
MEAT PACKING 


to Reversal Photo Paper RUBBER 
DOMESTIC 





me ,; 
A TYPE OF REVERSAL photographic paper 
seal was described at the annual meeting of the SEWAGE 
ng Blue Print and Allied Industries. It dif- 
~ fers from conventional papers (such as Write for 
: kodagraph autopositive paper) in that the Bulletin 
“a behavior of the emulsion is an entirely new 
m concept of photography which leads to di- 31-D-37 — 
its . 7c . . —— ’ : ick , . 2 24 } 
; rect production of positive prints with con- was ‘a2 Gunter ectinen Fete po soomvering : to : 4 
“ . . . | s aL » f 7 j a ns ,aper plant waste water. 
. ventional equipment and processing. The a oe Vee 
Ss 


paper emulsion reacts to light in a directly 
“ opposite manner from the ordinary type of | & 

z paper used by photographers. When this H A q D I N G E 
= reversal paper is exposed to light and de- | 

veloped in a fogging developer, the unex- 
8 posed areas turn black. In those areas 
which are exposed to light, the fogging 


| 
action of the developer is inhibited, re- | YORK, PENNSYLVANIA— 240 Arch St. Main Office and Works 


, dak Company, 343 State St, Rochester 4, | NEW YORK 17 @ SAN FRANCISCO I! © CHICAGO 6 @ HIBBING, MINN. © TORONTO 1 
N.Y. | 122 E. 42nd St. 24 California St. 205 W. Wacker Dr. 2016 First Ave. 200 Bay St. 


COMPANY, INCORPORATED 
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Saverman Scraper cuts deep into hil! and moves gravel to crusher 


with a SAUERMAN DRAG SCRAPER 


Movement of almost any kind of material can be accom- 
plished economically with a Sauerman Scraper Machine. 
It is used to excavate sand, gravel, clay, etc., and deliver 
to hopper or pile—to clean out sludge basins and handle 
all kinds of viscous materials—for stockpiling coal, ore 
and other bulk materials. Wherever used it saves time, 
money and manpower. 








CRESCENT Scraper Buckets 


One easily trained man controls the operation and takes +§ to 15 eu. yd. 


care of the small amount of maintenance. Only a few a a 
parts come in contact with the material being worked, so of Saverman machines. Light in 
wear is slight. Installation cost is low and power con- weight, but —_ ~ in its digging 
sumption, Diesel, gasoline or electric, is moderate. ~~ Kh, Fm -- 
J 7 : different designs for handling different 

Write for interesting 24-page Catalog. classes of materials. 











Cableway 
and Scraper 
Specialists 
Since 1909 






SAUERMAN BROS., Inc. 


552 South Clinton St., Chicago 7, Illinois 


— Serutcised 

HOT POURED 
Para-Plastic 

FOR POSITIVE 









@ MAINTAINS BOND FROM 0° TO 180° F 
Pora-Plostic @ RESILIENT, ADHESIVE, ELASTIC 


sealed under 





—s © ADHERES TO CONCRETE, STEEL, 
sie METALS, WOOD AND TILE 








Para-Plastic prevents infiltration of water 
or other foreign substances under any 
expansion or contraction conditions of 
monolithic concrete 








~an type Para-Plastic JF for airfield 
me airport construction. Resists dis 
a. Peet, Fuel spillage or leaks. 

ara-Plastic fe; Si i. 
hak foe do ‘stic features included 






















*Para-Plastic is one of the many pat- 
Write for complete information on ented products developed for the Construc- 
Pare-Mestie fer coating any jetnt. tion Industry by Servicised Products Corp. 








“© SERVICISED PRODUCTS CORP. 


605! W. 65th STREET # CHICAGO 38, ILLINOIS 








Equipment, Materials & 
Methods (Continued) 


Finishing Machine 


HAVING PROVED ITSELF on the job for 
more than a dozen contractors the super 
portable Detroit finishing machine is now 
being made available. The Detroit Special 
is the ideal finishing machine for city 
street, expressway and airport concrets 
construction. The secret lies in its ex 
treme portability. In a matter of seconds 





The Detroit Special 


the Flex-Plane finisher will lift itself off 
the paving forms onto its own built-in, 
pneumatic-tired “trailer”. A hydraulic 
tongue lifter quickly spots the tongue for 
fast attachment to batch truck or other 
towing equipment. Two automobile-type 
pneumatic tired wheels nest in the frame 
of the finishing machine as it is working 
on the forms. When it comes time to 
move the machine to another job, a flick 
of a switch lowers the wheels and the whok 
machine becomes a trailer. Contractors 
who have used the machine claim large 
labor savings, as idle time while trans 
porting machinery is cut to a minimun 

The Detroit Special incorporates many 
other advances in finishing machines 
Because city street paving calls for a va- 
riety of widths the machine was designed 
to be completely telescopic to conform to 
any width work. Machines are made in 
three basic sizes to finish widths from 10) 
ft to 27 ft. Changes in paving widths can 
be accomplished in one-fourth the time 
required by other known methods. The 
screeds are both mounted on the outsid 
of the frame. This enables the machine 
to set lower on the forms, providing 
greater rigidity and greater accessibility 
This feature enables contractors to easily 
adjust screeds for any kind of work. An 
offset screed attachment is provided for 
contractors who contract for integral curb 
work. The attachment rough forms the 
curbing automatically. The screeds them 

selves have been improved to give an in 

finite range of adjustment which permits 
not only synchronization of the front and 
rear screeds, but also counter-synchroniza 

tion, parallel stroking, quarter parallel 
stroking, etc., where desirable. Flexible 
Road Joint Machine Co., Warren, Ohio 


Concrete Cutter 


THE MODEL 252 FELKER Di-Met cor 
crete cutting machine featuring power 
drive has just been announced. A 13 
hp Wisconsin air-cooled engine not only 
amply drives the diamond blade but fur 
nishes power to the rear wheels through 
a stepless variable-speed reducer and fric 


(Continued on page 271) 
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OPTICAL TRANSIT 
with ERECT IMAGE 


Our new theodolite of superior accuracy ‘and ease of 
peration is ially designed for the American engi- 

neer accustomed to a TERRESTRIC TELESCOPE 

@ A TIME SAVER: Entire operation from behind the 
instrument, Optical Plummet 

@ A TROUBLE SAVER: Enclosed circles are un- 
affected by atmospheric changes, dirt, etc. 

@ Reliable estimation to 6” 

For further details wnte to 


GEO-Opric C0. : 





170 BROADWAY NEWYORK 38 N.Y. 
COrtlandt 7-6154 











EXPLORATION 


Mining 
Oil Structure 
Water Supply 


GEOPHYSICS 

Dam and Foundation 
studies 

Excavation estimates 

Outlining sulphide ore de- 
posits 

Placer and bed-rock map- 
ping 

Structural contouring 


A world-wide service using latest 
seismic, gravity, magnetic and 


electrical methods. 


INTERNATIONAL 
GEOPHYSICS INc. 


J. J. Jakosky, President 

1063 Gayley Avenue 

Los Angeles 24, Calif. 
Established 1928 











Equipment, Materials & 
Methods (Continued) 


tion drive. Speed may be adjusted from 
a mere crawl to a fast walk by rotating a 
crank. Upon actual test the power drive 
has doubled life of the diamond wheels 
by removing human variations in feeding. 
The diamond wheel is raised or lowered 
by a_ built-in double-acting hydraulic 
jack. This jack also expedites coupling 
the machine to a trailer hitch for towing, 
front wheels automatically retracting as 
valve is released. Depth of cut is es- 
tablished by an adjustable stop. The 
machine can be steered, rear wheel posi- 
tion locking after establishing line of 
travel. Front and rear guides are pro- 
vided. The Model 252 can be purchased 
complete, as a basic unit having only 
those features necessary for cutting, or in 
several modifications. These include the 
water pump, starter, generator, battery 
and power drive in various combinations. 
Felker Manufacturing Co., Torrance, 
Calif. 


Electric Crane Truck 


MAINTENANCE GOES OVER with a 
“boom” at the new plant of Caterpillar 
Tractor Co. in Joliet, Illinois. A 6,000-lb 
capacity Yale electric crane truck equip- 
ped with articulated platform, is used for 
faster, easier maintenance of lighting 
and other overhead equipment. The 
crane can position the boom and platform 
for overhead work above machine tools 





6,000-Ib Capacity 


in locations difficult 
to reach by other means. In operation, 
maintenance man and material are 
picked up by lowering the boom until the 
platform rests on the floor. Positive me- 
chanical linkage on the boom keeps the 
platform parallel with the floor at all 
times, regardless of boom elevation. For 
maximum coverage from a given aisle 
location, the boom can be extended to 
lengths up to 19 ft and swung in a 270 deg 
arc. This same crane truck also is used for 
outdoor maintenance work. The Yale & 
Towne Manufacturing Company, Philadel- 
phia 15, Pa. 


and other obstacles 
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THIS TRACTOR 
DOUBLES 


for tractors 
76-125 h.p. 


In choosing a Carco winch for all- 
round utility, consider the added ad- 
vantages of a multiple-drum model, 
which enabies you to rig an efficient 
hoist, dragline, slackline or cableway 
on short notice—anywhere you can 
station the tractor. Compactly built of 
light, tough alloy steel, it seldom re- 
quires servicing and permits near- 
normal use of the tractor for other 
purposes. See your tractor dealer, or 
write nearest Carco factory branch, 
for full information on the Carco 
winch approved for your tractor, and 


suited to your type of operation. 


CARCO) 


FOR ALL INDUSTRIAL 
TRACTORS 


PACIFIC CAR AND FOUNDRY COMPANY z 
|) RENTON, WASHINGTON --Branches at Portlond, | 
| Oregon, and Franklin Park (Chicage), Illinois 


Paintin 
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Equipment, Materials & 
Methods (Continued) 


Stripper Shovel 


SEVERAL MODELS of the hi-lift stripping 
shovel, recently introduced, are working 
in various sections of the country. Out 
standing performance reports on casting 
operations have been turned in on th« 
excavating unit using both 2 and 2'/. cu vd 





COMMERCIAL 


Steel Supports 
for faster erection 


Tunnel Engineers familiar with Commercial Steel Sup- 






Photo: Courtesy of Union Pacific Kattroad “ 
ports specify them over and over because they have 





The learned from experience that erection is faster on all 
types of tunnel construction with Commercial Supports. 1005 Hi-Lift 
Commercial Not only do they eliminate slow, cumbersome timbering 


dippers, depending on digging conditions 
Using the same base machine as _ the 
Commercial Steel Tunnel Supports are tailored to standard 2'/. cu yd Model 1005, the hi 


Shearing and Stamping 
meet the variable requirements of each job. lift stripper operates with a 50 ft boom and 
Company 36 ft dipper stick. This attachment 


Consult @ Commercial Engineer on your next tunnel project illows a maximum dumping heigh 
- ; : ‘ sam ping height of 40 ft 
YOUNGSTOWN 1, OHIO or write fer tunnel booklet fer specific details. and a reach of 60 ft with boom angle at 45 


deg. By comparison, the standard 1005 
another Tough 


shovel attachment, operating by chai 
foundation problem 


but assure safety both during and after construction. 











crowd, carries a 26 ft boom and standard 
19'/, ft double dipper sticks for heavy duty 
digging work Features of the hi-lift 
design include a single dipper stick wit! 
cable crowd and a twin box section boon 
structure for maximum strength and 
minimum weight. In addition, the 1005 
hi-lift can be converted for lift crane, drag 
line or clamshell operation. Koehring 
Company, 3026 West Concordia Ave., 
Milwaukee 16, Wis. 





solved with 





ws 


—S ' 


- Deep-Well Water System 


PRODUCTION OF A completely-packaged 
tank-mounted deep-well water system 
has been announced. The unit, called 
Figure 3681, is designed to fill the need for 
an inexpensive yet first-quality complete 
system for wells in which the pumping 
level of the water is not more than 50 ft be 
low the pumping unit. This system has 
a capacity rating up to 450 gph. It mea 
sures only 33 in. long by 14 in. wide by 29 
plate girder railroad in. high, including the 17 gal galvanized 
bridge. Cylinders were tank. Operating sound, often existent ir 
battered 1:6 both lon- tank-mounted systems, is minimized by 
specially designed rubber mountings and 
connections. With only one moving part 
quiet operation and freedom from wear ar« 
also assured. The unit’s close-coupled 
construction allows permanent alignment 
of rotating parts. All cast iron parts com 


| ‘. DRILLED-IN CAISSON CORPORATION | ing in contact with water are protected 


Puyjdlion River crossing 
abutment supporting 


gitudinally and trans- 
versally with bridge. 


rm with a baked-on coating to resist rust and 
FRASER-DRACE corrosion in the pump. With its self 
Engineering Ca '- ‘ * SPENCER, WHITE & PRENTIS, NEW Y¥ priming feature, the system has another 
* WESTERN F MDATION CC NEW YOR | . —_ 
(Continued on page 273) 






x 2 PARK AVENUE NEW YORK 16, N Y 
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Equipment, Materials & 
Methods (Continued) 


important selling feature. It automatically 
resumes operation when the foot valve is 
again submerged after any temporary 
“dry season” drop in water level. The 
unit eliminates the conventional stuffing 
box by using a modern mechanical seal 
There is no radio interference from the 
motor. The motor also has a built-in over 
load protection and all ratings are within 
the working limits of the motor. Installa 
tion time is cut down with the unit be 
cause the suction and pressure pipes at 
tach directly to the pump in a readily ac 
cessible position. The unit comes com- 
plete with all mecessary accessories 


Goulds Pumps Inc., Seneca Falls, N. Y. 


Medium and Heavy Duty 
Trucks 


THE TREND TOWARD lighter but more 
powerful trucks for highway and off 
highway haulers went sharply forward 
today with the announcement of new 
GMC medium and heavy duty truck 
models. Introduction of four GMC 
diesel models and many important de- 
velopments for greater operating economy 
and driver comfort were highlights of the 
1952 GMC 400 and up series models an- 
nounced. Three of the new GMC diesels 
were six-wheelers to meet the growing de 
mand for this type of unit by highway 
haulers, while the fourth diesel model was 
introduced to answer the need for light 





Model DW620-47 


low-cost diesel power in the 
21,000 Ib G.V.W.—45,000 Ib G.C.W. 
trucking field. Weight reduction in one of 
the GMC model series averaged as much as 
865 Ibs lighter than the former models 
Significant developments in the GMC 
models were: shortening of all heavy duty 
models from bumper to rear of cab to 
allow use of longer trailers in 45-ft length 
limit states; electric shift introduced as 
standard equipment on all GMC trucks 
of the 450 and up model series having two 
speed axles; and new lightweight, load 
cushion springs with fewer but thicker 
leaves, adding to driver comfort and load 
safety through smoother ride. A 4900 
series Synchromesh transmission is being 
introduced in all models that previously 
used the 4450 Synchromesh. It incorpo 
rates many precision features for in- 
creased performance and longer life. 
GMC Truck & Coach Div., General 
Motors Corp., 660 South Boulevard, East, 
Pontiac 11, Mich. 


weight, 
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“GUNITE” 


Gunite welds to masonry 


High velocity of application makes 
positive bond to clean masonry surfaces. 


for a copy of our new handbook. 


tions showing the many uses of this material. 








certain of 


Engineers, for detailed information on 
Gunite drop us a note on your letterhead asking 
it is filled with 
technical data, drawings, specifications and illustra- 


GUNITE CONSTRUCTION CORPORATION 


420 LEXINGTON AVE., NEW YORK 17, NEW YORK - MURRAY HILL 3-7699 


Pneumatically 
Placed 
Concrete 


dense 
durable 
high strength 


for 


Repairs to concrete and masonry 
dams, bridges, docks, abutments, 
locks and dry docks. 

Restoring disintegrated and fire 
damaged concrete structures. 

Lining resevoirs, water mains, 
penstock: and sewers. 

Stack, bunker and refractory linings. 
Fireproofing encasement of steel. 
Lining tunnels and spalling rock cuts. 
Protective casings on wood piling. 
Repairs to grain elevators. 

Thin curtain walls. Stucco facings. 
Reconstruction of chimneys. 
Swimming pools. 

Pressure Grouting. 











Owners say, “Wayne Crane is the best 
buy of all heavy-duty, '/2-yd. crane-excavators 
on the market today!” 

Ask any one of the owners near you about 
the job his Wayne Crane is doing for him. 
Your dealer will give you their names— 
Wayne Crane will pay P 
jo any You can’t lose! 

This unique offer is being made by Wayne 
Crane because they believe there is no better 
way to tell you about their equipment. They 
know that when you talk directly to an 
owner . . . you get all the facts “straight 
from the horse’s mouth.” 

Take this opportunity to prove to yourself 
that Wayne Crane is built to give you more 
years of profitable operations. See Wayne 
Crane before you buy any crane-excavator. 









Model 66 
Va-yd., 8-Ton 







Model 20 
Va-yd., 10-Ton 





Model 40 
Vaeyd., 12'/2-Ton 


Complete service and parts facilities are maintained by 
Wayne Crane Distributors in all principal cities. 


WAYNE CRANE DIVISION, AMERICAN STEEL DREDGE COMPANY INC., FORT WAYNE 1, IND 
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Acker Soil Sampling Kit! 


Everything you need for accurate sub-surface information 


@ PORTABLE 


The Acker Kit is compact 
and light enough to be 
carried in your car. 


@ VERSATILE 

12 different “all-purpose” 
earth and soil tools that 
will recover samples from 
practically any material. 


@ HANDY 


All tools fit into a sturdy steel 
box, where they are always 
available for instant use. 


@ INEXPENSIVE 


Nothing to get out of order— 
All tools are built to stand- 
up under the most rugged 
operating conditions. 
























Hundreds of these versatile testing kits 
are in use all over the world testing clay 
and kaolin pits, gold bearing sands, sub- 
grades for highway and airfield runways, 
and many other subsurface strata 


Write today for prices and Bulletin 26 CE 


Over 30 years of experience in the manu. 
facture and development of Drilling 
equipment 





DIFFICULT 
FOUNDATION 
WORK 


e FOUNDATIONS 
— FOUNDATIONS 
@ SHEETING & BRACING 


» PILING & SHEETING Leaders in scientific design and construction of 
e SHORING difficult foundation work, Spencer, White & 
ye Prentis worlds enginensing know-how that - 
© SPECIAL SERVICES be an important cost saving factor on any job, 
eats small or large, particularly when completion in 
revised catalog a minimum construction period is vital. 














SPENCER, WHITE & PRENTIS, INC. 


10 East 40th Street, New York 16 « Hammond Bldg., Detroit, Mich. 
In Canada 
Spencer, White & Prentis of Canada, Ltd. 


700 Bay St. 209 Pork Bidg 2052 St. Catherine’s St., W. 
Toronto, Ontario Windsor, Ontario Montreal, Quebec 














Equipment, Materials & 
Methods (Continued) 


Centrifugal Pump Test Stand 


THE First 12 MONTHS of operation of 
several pump test stations has recently 
been completed. These stands are engi- 
neered to give a complete reproduction of 
performance for pumps of all sizes and rat 
ings. They employ the most modern test 
techniques and offer accuracy difficult to 
obtain with previous test procedures 
They are permanent installations consist 
ing of a double-ended dynamometer 
mounted on an automatic lift between 
two pre-aligned pump bedplates. Some 
of the main features include: special 
couplings; quick-operating adapters for 
pipe connections; special flexible hose for 
discharge connections; permanent, cali 
brated venturis; motor operated valves 
and a pipe system that requires no priming 
and is free of air locks. The test engineer 
operates the pumps and conducts the com 
plete tests from a main control desk where 
he has a clear view ofall instruments. In 
running a test the customers operating 
conditions are simulated at the control 
desk. The test engineer,then operates the 
pump at rated speed of the customers 
motor and records data for a minimum of 6 
test points. Readings of pressure, flow and 
power input are taken only after conditions 
are stable. By conducting tests in this 
manner, with laboratory instruments, the 
calculation of test results can be made 
without the need of theoretical correc 
tions. This assures that the pump satis 
factorily meets the specified conditions of 
total head, rate of flow and horsepower re- 
quired. De Laval Steam Turbine Com- 
pany, Trenton 2, N. J. 


Welded Grating 


AN OPEN STEEL WELDED grating called 
Klemp-Krest has been produced. The 
welded grating features round steel cross 
bars so formed as to provide a peak, or 
crest, on the top side of the bar. These 
bars are placed at right angles on top of 
flat bearing bars set on edge and then 





Klemp-Krest 


electro-welded under great pressure. The 
crested cross bar adds many advantages 
The roundness of the bar which forms 
cross braces between the bearing bars gives 
greater tensile strength and makes a 
stronger weld, thus effecting perfect distri- 
bution of load, or impact, in every direc- 
tion over the area of each section. The 
crested top provides a ridge between each 
bearing bar; thereby not only making 
this grating increasingly safe to walk on, 
but adding maximum non-slip character- 
istics. Klemp Metal Grating Corporation, 
1371 North Branch St., Chicago 22, Ill. 


274 September 1952 ¢ CIVIL ENGINEERING 








EC: 
H 


DIST 
Mo.; 
Wayn 
Sprin 
Ga.; 


Calif 





Cr 











these cost-reducing 
forms for concrete 


Cost records from job after job 
prove that Economy's system of 
Rental 
Service means substantial savings 
in TIME—MATERIAL—MONEY 
for GREATER PROFITS. 


Form Engineering and 


ECONOMY FORMS CORP. 
HOME OFFICE + DES MOINES, IOWA 
DISTRICT SALES OFFICES: Kansas City, 
Mo.; Omaha, Neb.; Minneapolis, Minn.; Ft 
Wayne, Ind.; Cincinnati, Ohio; Pittsburgh, Pa 
Springfield, Mass.; Metuchen, N. J.; Decatur 
Ga.; Dallas, Texas; Los Angeles, Calif.; Oakland 

Calif.; Denver, Colo 


CONOMY 


METAL FORMS 








en 









FOR CONCRETE 
RESTORATION 


You're sure of fully responsible perform- 
ance when you specify Western Water- 
proofing Company .. . assured by trained 
technicians, sound engineering methods, 
specially prepared and proved materials. 
More than 35 years’ experience 

Other Western Waterproofing Services 
Include: 

Genuine lronite Waterproofing 
Building Restoration . Gunite 
Building Cleaning . Tuckpointing 

No materials for sale—Nation-wide service 
For specific data, write: 


CHASING 
PUN ~ AWAY 


= PUW- AWAY — 


COSTS P? 2 
eee 


fn 


.. . You need CONSTRUCTION COST CONTROL 


Written by construction men, and containing 
sections on: Classification of Construction Cost 
Accounts; Distribution of Costs; Control of 
Costs; Financing the Construction, and Taxes. 


CONSTRUCTION COST CONTROL IS a Practi- 
cel answer to your cost problem. 


Well illustrated and supported by charts and 
specimen accounting forms, this authoritative 
97-page, 82 x 11, sturdiily bound book 
covers the complete cycle of estimating, ac- 
ceunting, distributing and analyzing of all 
eperational and overhead costs. A practical 
and easily applied system is fully outlined. 


American Society of Civil Engineers 
33 West 39th St., New York 18, N. Y. 


Please send copies of CONSTRUCTION COST 


| 

| 

| 

| CONTROL 

| Enclosed is check (or money order) in the amount of $ 

| Cl am) (1 am not) @ member of ASCE 

| ._ PPTPPTTTTITTTIT TTL OTT rT ee 
| Firm vaveee cous 
| 

| Street 

| City State 

= 
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Included are sections on: PRELIMINARY ESTIMAT- 
ING, BUDGETING, CLASSIFICATION OF CON- 
STRUCTION COST ACCOUNTS, DISTRIBUTION 
OF ACCOUNTS, CONTROL OF COSTS, TIME 
AND MOTION STUDIES, FINANCING AND TAX 
PROBLEMS. 


Sent postpaid to ASCE Members—$4.00 

To non-members—$5.00 

To ASCE Student Chapters in quantities of 10 
or more—$3.00 each 

To colleges for textbook use in quantities of 10 
or more—$3.00 each 
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SPECIFY 


STEVENS 


RECORDER 
TYPE B 









Meet the threat of stream pollution with 
accurate data graphically tabulated with 
a STEVENS Flow Recorder. Complete flow 
records simplify task of treating wastes 
in compliance with aati-pollution laws. 


The STEVENS Type B Recorder 

keeps permanent records of flow and 

totalizes volume of liquids passing through 

weirs, Parshall flumes, or other measuring 

structures. Models also available to re- 

cord head only, if desired. 

@ Standard circular chart automatically 
records 1- or 7-day periods. 

@ Remote operation available where 
required. 

Write for FREE Bulletin 25 which gives a de- 

toiled description of the STEVENS Recorder, 

Type B. 


NEW STEVENS DATA BOOK AVAILABLE 


Puts interpretive data at your fingertips, 156 
poges of technical data on float-operated in- 
struments...a wealth of hydraulic tables and 
conversion tables...information on STEVENS 
liquid measuring instruments to meet every 


$1.00 


need . enewnn 


Foremost in Precision Hydraulic Instruments 
Since 1907 


LEUPOLD & STEVENS 


INSTRUMENTS, INC. 


4445 N. W. GLISAN, PORTLAND 13, ORE 
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for SATISFACTION 


Fo 


RENTAL * SALES 


SEND FOR LITERATURE 





WELLPOINT SYSTEMS 


Foundation Equipment 


CORPORATION 
Long Island City 1, N. Y. Chicago, Illinois 
13 10th St. 2608 W. 111t> St 


EXeter 2-1100 















acify 
SPY ARIRIEN 


CAST IRON PIPE... 
AND BE SURE! 


Bell & Spigot Pipe 





= arrven FOUNDRY & PIPE CORP.— 
55 LIBERTY STREET, NEW YORK 5, N. Y. 
Flange Pipe + Mechanical Joint Pipe 

Short Body Bell & Spigot Specials 


WARREN PIPE CO. OF MASS. INC. 75 FEDERAL ST. BOSTON, MASS. 
96 Years of Continuous Service 


Flexible Joint Pipe 


Here’s Cast Iron Pipe that’s tough, 
resilient, s-t-r-o-n-g made to 
provide maximum service, long life, 
because it has the proper crushing, 
beam, shock and bursting proper- 
ties. 


Here’s Cast Iron Pipe (with fittings) 
made in any size from 2” to 84’, 
with all types of joints for ease and 
speedy installation wherever used. 


WARREN special castings in med- 
ium to heavyweights avail- 
able in grey iron and Meehanite 
iron. Look for the WARREN 
W F trademark.. it’s your assur- 
ance of the best cast iron pipe 
that money can buy! 
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Equipment, Materials & 
Methods (Continued) 


Hydraulic Truck Crane 


Tue Hypra-Lirt, a recently developed 
crane with hydraulically powered boom 
that can be mounted on the frame of any 
truck, 1-'/. tons or larger, is now in pro 
duction. The Hydra-Lift, Model B, fea 
tures a variety of improvements over the 
original production model. It requires but 
40 in. behind the cab of a truck, has a load 
line capacity of 6,400 Ibs and a swinging 





Hydra-Lift 


boom which telescopes from 12 to 17 to 22 
ft. The two chief improvements are; a 
big increase in the unit's safety margin, 
and the fact that it now is shipped al 
most completely pre-assembled. Briefly, 
safety margin has been increased by raising 
about 18 in. the point on the crane’s mast 
where the topping cable is anchored. This 
results in a wider angle between the boom 
and topping cable, giving the boom a much 
better lifting advantage. Other changes 
which have given the crane a new look and 
improved its operation are the addition of a 
bail bar on the topping cable and replace 
ment of the old hammerhead boom-tip 
casting with a new casting of swivel design 
The bail bar serves to strengthen the top 
ping cable rigging. The swivel boomtip 
casting permits use of the Hydra-Lift in 
closer quarters, since even though a load is 
at an angle to the boom it can be winched 
in with no damage to the winch cable 
Other improvements include lever con 
trols, rather than the push-pull type, for 
easier operation. Also, a special set of 
controls for operation of the Hydra-Lift 
outside the cab is available. Pitman Mfg. 
Co., 300 West 79th Terrace, Kansas City 
5, Mo. 


Expanded Metal Walkway 


SAFE-T-MESH WALKWAYS and _ stair 
treads that permit easy access to all points 
requiring process inspection or mainte 
nance are used in the Cedarapids Mixing 
Plant. Safe-T-Mesh is made by slitting 
and stretching heavy gauge sheet steel 
into a durable, non-skid diamond-pattern 
surface. It is welded permanently into 
sturdy angle iron frames to form the walk- 
ways and treads. Advantages in appli 
cations such as this are its high strength 
weight ratio, weather-resistance, and 
through-visibility. Its skidproof surface 
prevents accidental slipping and falling, 
and the open work pattern allows passage 
of water, dirt, and dust particles that 
otherwise would accumulate and mak« 
walking surfaces slippery and dangerous 
Wheeling Corrugating Co., Wheeling, 
W. Va. 
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Equipment, Materials & Methods (Continued) 


Spreader 


PRODUCTION OF THE MODEL 100 Jersey 
spreader, a tractor mounted stone spreader 
vith capacity to handle up to 20 tons per 
minute, has been announced. The Jersey 
spreader features an exclusive strike-off 
adjustment that permits varying depths 
of spread from a minimum of 1 in. up to 
i2 in. Adjustable bleeder gates allow a 
variable width of spread from 10 ft to 
13 ft in 3 in. increments. The Model 
100 is designed for use with the heavier 
crawler-type tractors and is mounted on 
the push beams of the dozer after the blade 
has been removed. No special accessories 
or attachments are required for feeding 
stone from any type dump truck directly 
into the hopper. The truck is backed up 
to the hopper and the body raised. The 
forward movement is controlled by the 
tractor operator as the truck, steered by 
the driver, is pushed along. The Model 
100 Jersey spreader handles stone of any 
size from '/, in. up through the normal 
macadam range and certain subgrade ma- 
terials. Overall width is 12 ft; overall 
height 48 in. and weight (without tractor) 
4,200 Ibs. Tractor Spreader Co., Has- 
brouck Heights, N. J. 


Concrete Mixer 


INCREASED HORSEPOWER and several 
other features have been incorporated 
in the 1953 Model 6-SE trailer type con 
crete mixer, it was announced. The re 
cently designed, end-discharge, one bag 
model now uses a two-cylinder air-cooled 





Model 6-SE 


engine developing 10 hp at 2,000 rpm com- 
pared to 8 hp for the single cylinder engine 
used on the old model. This 25 percent 
boost is largely due to an increase in the 
piston displacement from 38.5 cu in. to 
45.9 cu in. In addition, the mixer incor- 
porates a cam operated skip shaker and a 
tongue and legs that fold completely out of 
the way for shipment. The Model 6-SE 
mixer retains the steepest skip angle of any 
mixer having a full 60 deg angle in the dis- 
charge position. Knickerbocker Company 
638 Liberty St., Jackson, Mich. 





Automatic Hi Pressure Booster 
Gun 


THE AUTOMATIC HI PRESSURE booster 
gun, Model 1120, is designed for the follow- 
ing applications: lubrication of bearings 
on industrial machinery requiring injec- 
tion of a small quantity of lubricant at 
extremely high pressure; an auxiliary 
high pressure lubricator to service bearings 
requiring injection of limited quantities 
of special purpose lubricants; cracking 
“frozen” or clogged bearings on con- 
tractors’ equipment without the use of 





power-operated gun. Gun provides com- 
plete range of pressures up to 10,000 psi. 
Easy one-hand push action eliminates 
fatigue—weighs only 2 Ibs. Long, hy- 
draulic coupler extention permits reach- 
ing deep-seated and hard-to-reach fittings 
Handles all pressure gun lubricants in 
any weather. Holds 2-'/. ozs., can be 
refilled in seconds by engaging filler fitting 
on gun with control valve on hose from 


power—or manually operated pump. 


Gun can be cleaned by removing only one 
outlet check—no packings to replace. 
Lincoln Engineering Company, 5702-43 
Natural Bridge Ave., St. Louis 20, Mo. 


“Aerial Mapping plus Aerial Photogrammetry 


equal Precise Maps less Time and Cost” — use this 


formula to solve your mapping problems. At home 
and abroad, Abrams aerial survey crews and photogram- 
metric technicians have saved time and expense on maps 
and surveys for Federal, State, Municipal and Commercial 
projects. You'll find an economical solution to your prob- 
lem in Topographic, Planemetric, Plan & Profile Maps, Atlas 
sheet aerial photographs or specialized maps compiled to 
your specific needs. Write for a free copy of our guide to 
Air Mapping, “AERIAL SURVEYS AND MAPS FROM 


PHOTOGRAPHS.” 


ABRAMS AERIAL SURVEY i 


CORPORATION 


LANSING 1 
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MICHIGAN 


U.S.A. 












STONE R. R. MIADUCT REPAIRED WITH “GUNITE” 








The above photographs show a large hi f repointing the masonry 
stone viad n nit j to an eastern nd the jrouting was accomplished 
Railroad. ; I ilt in 1888, ising the “CEMENT GUN” nozzle for 
was origin igned for 4 é track, _ 
but hy o 1 to acc ro date y the _. 
double trac ncrease locomotive Many other instances of repair, re- 
Sg ole a — ~~ modeling and new construction with 
Cement Gun crews made the viaduct GUNITE” are described and pictured 
“as good as new” by repointing the in Bulletin B2400. A request, on your 
joints, and grouting one of the arches letterhead, will bring a free copy by 
over the highway. return mail. 


MANUFACTURERS 


OF THE 


EMENT GUN COMPAN 


‘GUNITE CONTRACTORS 


GENERAL OFFICES ~ ALLENTOWN. PENNA.U.S A 


CEMENT GUN 


























= 
v | . 7 
alves, Fittings and Flanges . 
Complete inventory of industrial and ° 
commercial valves and fittings. Tube e 
Turns, Dresser, Victaulic, cast iron or 
steel, forged steel, special alloys, water 6 
main. 
* 
= 
World Famous J/LLL-LAY pire system ° 
“The complete job requirements in one pack- aaa Piling—light weight + Tubular + 
age.” For fast-laying temporary and semiperma- PILE SHELLS—Spiral Welded, Hel-Cor, 
nent lines for water, compressed air, and other pave ng rae e 
services. The “package” includes prepared pipe ond weed, cot steel and iron point. e 
and all necessary valves, fittings, couplings and aaa ‘eye tno hg ” 
accessories. Write for free Speed-Lay brochure. ; te | 6 eaeama Spiral or . 
iS 
SPECIALISTS IN PREFABRICATED PIPING 
Albert Pipe $ . 
lbert Pipe Bupply Co. Inc. ° 
BERRY AT N. 13th ST., BROOKLYN 11, N. Y. + EVergreen 7-8100 m 
*eeeeee¢e#2e$@eeee%#2e#€e#2€eeeeee® 
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Equipment, Materials & 
Methods (Continued) 


Centrifugal Pump 


A LOW COST GENERAL PURPOSE centrif 
ugal pump has just been placed on the 
market. It is called the Series AM pump 
and is designed primarily for economical 
pumping of large capacities at moderat« 


wo 





Series AM 
heads. It is especially suitable for us« 
with air conditioning systems and cir 
culating water for cooling towers. The 


AM Series pump may be used for sprin- 
kling lawns, pumping for swimming pools, 
and many other industrial or agricultural 
duties Special all-bronze pumps 
available for pumping brine or other cor 
rosive liquids range from , 
through 5 hp. Jacuzzi Bros. Inc., Rich- 
mond, Calif. 


are 


Sizes 


Spreader 
A REVOLUTIONARY NEW center-spread 
self-unloading truck body called the 
Spread-Mobile is announced. The most 
outstanding feature, is the location of the 


distributor plate at the left center of the 
chassis beneath the forward end of the 
body, instead of at the rear. This com- 


plete reversal of the design of all previous 
spreader bodies has a very important ad 

The skid-proofing material 
spread ahead of wheels and 
under the front wheels, thus assuring far 
better traction for the truck all 
conditions than ever before possible An 
other vital feature of the Spread-Mobile 
is its exclusive, patented self-heating sys 
tem which prevents the freezing of the 
conveying and spreading mechanism, 
well as the contents in the lower part of 
the This arrangement utilizes the 
heat of the truck's own exhaust by chan 
neling the exhaust through 
which runs under the entire length of the 
and surrounds the lower portion of 
If the material warm 
when loaded; this exhaust heater will keep 
it free-flowing throughout the trip. By 
the time it reaches the conveyor and is cat 

ried to the spreader, the material pene 

trates easily into the ice for more efficient 
skid-proofing. In addition, the heater pre 

vents the mechanism from 
brittle in the cold, thus eliminating a com 
All controls are 
to permit 
Baughman 


is 


vantage 


rear well 


under 


a> 
body 
an enclosure 


body; 
the conveyor 


is 


becoming 


mon source of breakage 
centralized at the driver's seat 
efficient one-man operation 


Mfg. Co., Jerseyville, Ill. 
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T2... UNIVERSAL THEODOLITE 
The recognized instrument for triangula- 
tion, bridgework and other precise en- 
gineering jobs... The instrument for you. 
You read both circles by micr 
direct to 1”. Every reading gives 
mean of two diametrically opposite 
points of the circle, therefore free from 
eccentricity-errors. 
Due to the optical plummet, centerin 
above a ground point is easily — 
quickly done even on windy days. The 
telescope, with a big field of view, is 
sae on the eye can be transited 
ways...Choose Wild instruments for 
ease of operation, speed and accuracy. 


Fer detailed information ask for Booklet CE-9. 


HENRY WILD 
IRVEYING INSTRUMENT SUPPLY C 


h 


ALYN N y 
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Premolded 
for effective JOINT 









@ PARALATERAL Wide Strip 


For sealing vertical construction or expansion joints in Retaining Walls, 
Abutments, Wing Walls, Foundations, etc., particularly when one side 
will be backfilled and protection from water seepage is necessary. Has 
rigid backing of asphalt joint material and surface and both edges 
coated with Para-Plastic, which maintains bond with concrete at all times. 


@ MOLDED STRIP 


Para-Plastic Sealing Compound is molded into strips for sealing of keyed 
construction joints and cracks or breaks in vertical concrete surfaces. 
Concrete poured against the strip, after setting up, will bond with strip 
to form watertight seal. 


® NARROW STRIP Pressure Seal 


Para-Plastic Pressure Seal is available in both Solid Para-Plastic, and 
Para-Plastic ooated sponge rubber types which are rectangular or 
square in cross section. Designed for sealing existing expansion joints 
or contraction cracks in vertical or sloping masonry walls and surfaces, 





















Servicised Engineers are available for consultation on your joint 
sealing problems. Write for details and specification data. There is 
no obligation. 









* Pora-Plastic is one of the many Patented products developed for the 
Construction Industry by Servicised Products Corp. 





\. 


S*® SERVICISED PRODUCTS CORP. 


a 6051 W. 65th STREET © CHICAGO 38, ILLINOIS 


































~ a ~F - 
CONTRACTORS 
for 
DIAMOND CORE DRILLING 
DRY SAMPLE SOIL BORINGS 
FOUNDATION TESTING 
PRESSURE GROUTING, ETC. 
anywhere in the world 


Sixty years of successful experience, backed 
by superior equipment and ample financial 





CT EK DK DEER ERR 
resources, constitute your best possible 
assurance of satisfactory service. Estimates | RVI N G S U BWAY 


submitted promptly on request. Manufac- 
turers, also, of Diamond Core Drilling Machines 
and complete accessory equipment. 


SPRAGUE & HENWOOD, Inc. 
Dept. C. E., SCRANTON 2, PA. 
New York - Philadelphia - Pittsburgh 


GRATING CO., INC. 


ESTABLISHED 1902 


OFFICES and PLANTS at 
5008 27th St., Long Island City 1, N.Y. 
1808 10th St., Oakland 20, California 
=I OI SI 
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PHOENIX BRIDGE 
COMPANY 


Engineers 
Fabricators 
Erectors 


Structural Steel 
BRIDGES and BUILDINGS 


General Office 
and Shops 


PHOENIXVILLE, PA. 
Subsidiary—Barium Steel Corporation 


oth MTT TS 
PRESSURE CONCRETE C0. 


gi ves cement 
greater utility, 
versatility! 














FOR REPAIRING: Reservoirs, Dams, 
Filter Plants, Sewage Disposal Plants, 
Tanks, Stadiums, Bridges, Sea Walls, 
Breakwaters. 


FOR LINING: Reservoirs, Swimming 
Pools, Tunnels, Sewers, Pipe, Con- 
crete, Brick and Steel Tanks, Stacks, 
Bunkers, Irrigation Ditches. 


FOR CONSTRUCTING: New Tanks, 
Stacks, Piles, Sidewalls and Roofs, 
Steel Encasements. 


Write for 48-page illustrated bookle: 
showing “GUNITE” at work. 


PRESSURE CONCRETE CO. 


NEWARK 5, N. J. CHICAGO, ILL. 

* 193 Emmet Street 33 No. Le Selle Street 

CHARLOTTE, N. C. FLORENCE, ALA. 
Liberty Life Bids. So. Court Street 
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Literature Available 


Mutt!-PurPpose Hose—An 8-page pam- 
phlet in four colors describing the “Basic 
Five,” color-coded, multi-purpose in- 
dustrial base line is announced. The 
five hose types in the new line replace 18 
hose types offered formerly. Stocks of 
many different hose types are no longer 
required. Inventories can be reduced. 
The publication gives details of construc- 
tion, sizes, lengths, pressures, recom- 
mended couplings and uses for the new 
hose line. The Thermoid Company, Tren- 


ton, N. J. 


SuHortcuts For Propuction, Con- 
sTRUCTION, Etc.—The 64-page “Idea 
Book” on uses of hydraulic tools and hand 
tools, is offered. The book pictures a 
collection of new applications for this 
equipment in production, maintenance, 
construction, laboratory and other fields. 
Featured are tested uses for ‘‘Porto-Power” 
remotely-controlled hydraulic jack equip- 
ment and related products which intro- 
duce new ease, savings and safety to a 
great range of routine and special opera- 
tions. Blackhawk Mfg. Co., Milwaukee 
1, Wis. 


Truck Mrxer—The Rex Adjusta- 
Wate Moto-Mixer Bulletin, No. 52-32, 
is pictorially described in detail and is 
now being released. This bulletin de- 
scribes how effectively maximum legal 
payloads and complete flexibility in ready- 
mix operations can be obtained. The 
“Hidden Treasure” feature—the most 
valuable legal payload space on a truck 
is located directly behind the truck cab, 
ind shows what its uses mean to mixer 
owners and operators. Chain Belt Com- 
pany, Adv. Dept., Milwaukee 1, Wis. 


MAINTENANCE GutpE— Maintenance 
practices are simplified for operators of 
Cat DW21, DW20 and DW10 tractors 
in a multi-colored cartoon-type booklet 
being issued. Using scenes familiar to 
the operator, the booklet discusses factory- 
prescribed techniques in caring for Cater- 
pillar wheel-type tractors. Reduction of 
repair bills and elimination of ‘““down time” 
is the purpose of the booklet which deals 
with many specific procedures in connec- 
tion with routine Caterpillar engine main- 
tenance. Caterpillar Tractor Co., Peoria 


8, Ill. 


Surp-OnN Frrrincs—A bulletin, No. 145, 
on Nu-Rail slip-on fittings is offered. 
The fittings are used in the construction 
of permanent and temporary pipe struc- 
tures, saving 80 percent on labor, as much 
as 30 percent in overall cost, when com- 
pared to conventional threaded pipe and 
fittings. The fittings have been used 
extensively in the construction of all 
types of railings, pipe enclosures, racks, 
shelving, scaffolding, advertising dis 
plays and many other uses. Specifica- 
tions, dimensions and other data are in- 
cluded. The Hollander Mfg. Co., 3841 
Spring Grove Ave., Cincinnati 23, Ohio 





| MIDWESTERN 
|HEADQUARTERS 


} FOR 

Engineering and Surveying 
Instruments, Fine Repairs 
We Carry a Complete line of Survey- 
ing Instruments and Supplies. 


Gurley 
Brunson 
Sokkisha 
White* 
Seiler* 
Mixron* 
Brunton 
Lufkin 
Chicago 





* Denote builders instruments. 
REBUILT INSTRUMENTS ~- RENTALS 





Since 1914, our instrument 
repair shop has been known 
from coast to coast for its 
excellent precision work. 


WRITE FOR DETAILS! 








Chicago Union Station Bldg. 


NATIONAL BLUE PRINT Co. 
| 
| 513 W. Adams St., Chicago 6, Ill. 





fileleo &. 
Canrpaleie 
WY 


Greater economy, greater 
speed of installation, 
greater flexibility in op- 
eration, greater success on 
all kinds of jobs in remov- 
ing surrounding ground 
water — enabling you to 
handle the wettest work 
with greatest profit. 


Write today for’'Complete’'catalog Dept. ER 


COMPLETE MACHINERY & 
EQUIPMENT COMPANY, INC. 
36-40 11th STREET 
LONG ISLAND CITY, N. Y. 
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THE PILE FOR THE JOB 





In many soils there is a 
definite need for piles hav- 
ing the greatest possible 
end bearing.— —— 


The MacArthur 
method provides this / 
with the Pedestal 1 
type pile. Fe 
. 
THERE ARE 


4208 
Pedestal Piles 

in the foundation of ea. 
the Philadelphia ) goa. 
Municipal Stadium es \ 
e mike 

MAC ARTHUR PRODUCES 

THE PILE FOR THE JOB 











MacArthur 


CONCRETE PILE CORP. 


18 East 48th St., New York 17, N.Y 


New Orleans Cincinnati Boston 














Something New 
In 
Highway Literature 


“PUBLIC ROADS 
OF THE PAST” 


An authentic History of Highway De- 
velopment from 3500 B.C. to 1800 A.D. 
By The Old Road Builder 


Now available in one volume, stiff paper 
bound edition of over 100 pages, em- 
bracing all of the popular articles as 
published in “American Highways” 
magazine from April 1944 through 
October 1949. All text completely reset 
in clear, legible type. Edition includes 
complete bibliography for ready refer- 
ence. 


A new book in a class by itself 


Price $3.00 per copy 


Foreign Postage Extra 


Order Direct 
from 


American Association of State 
Highway Officials 
917 National Press Bidg. 
Washington 4, D. C. 














Literature Available 
(Continued) 


| Heavy-Duty Excavator—A bulletin 
on a popular, heavy duty excavator, the 


} 


os “ ” " rt | 
| Model 955-A, a “rock-rated"’ machine in 


the 2-'/. yd class, is announced. Nu- 
merous photographs of the P&H 955-A 
workingon a variety of projects throughout 
the country are supplemented in the 40- 
page, two-color booklet with close-up 
pictures and data describing the features 
of the excavator. Special mention is 
given to P&H’s exclusive Magnetorque 
Swing which has won wide acceptance 
in the construction industry because of 
its speed, smoothness and reduction of 
maintenance. Ask for Bulletin X122-1 
Harnischfeger Corporation, Large Ex- 
cavator Div., Milwaukee 46, Wis. 


AIR-ENTRAINING AGENT FOR CON 
CRETE—A folder decribing the advantages 
of using Vinsol air-entraining agent in 
concrete is available. The folder briefly 
lists the advantages of air-entrained con- 
crete and the methods employed in its 
production. The use of neutralized Vin 

| sol solution is covered in a series of ques 
tions and answers. The leaflet points 
out that although Hercules does not supply 
solutions of neutralized Vinsol, these solu 
tions can be obtained from numerous 
companies in all parts of the country. A 
list of these suppliers is included in the 
leaflet. . Hercules Powder Company, Wil- 
mington, Delaware. 


DRYER-MIXER—An 8-page, two-color 
bulletin on the Mixall, portable, one-unit, 
dryer-mixer has just been released. De- 
scribing the Mixall as the answer to the 
urgent need for quality hot patch material, 
the bulletin briefly outlines the reasoning 
behind the design and development of 
the new machine. Design and operating 


| 
| 


features, such as grouped controls, low | 


14 in. loading height, and all-welded 


channel steel frame are pictured and de- | 
| scribed. Condensed specifications are in- 


| cluded on the component page. Else- 
! where in the booklet is shown the high 
discharge feature that makes charging a 
wheelbarrow easy. The Mixall bulletin 
brings out several allied usages for the 


equipment that should be of interest to | 


contractors. Ask for Bulletin 804. Bar- 
ber-Greene Company, Aurora, Ill. 


PETROLEUM CATALOG-——A 4-page cata- 
log entitled, “Klemp 4 Grates Serving 
the Nation’s Major Oil Companies”’, 
describes the construction of Klemp- 
Krest welded grating which incorporates 
a crested cross bar between the bearing bars 
to provide maximum non-slip characteris 
| tics. Catalog contains technical infor- 
mation including engineer's diagrams, a 
safe load table on their welded and dia- 
mond riveted grating, and a detailed dia 
} gram on the installation of their two pat- 

ented products, Hexteel and Floorsteel, for 

ganister linings. Klemp Metal Grating 
| Corp., 1371 North Branch St., Chicago 
| 22, Til. 
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in underwater 
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reveals 
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or pinnacle; 
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New York N.Y 
Please send me free details and complete de- 
scriptive literature of the Model ES-123 Pre- 


cision Survey Instrument. 


1 Address . 


Please state your intended use 


Prices furnished on request 
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PRECAST INC. 
CONCRETE CONDUIT 
CORP. 


130-01 No. Boulevard 
Corona, N. Y. 


Manufacturers of precast 
the 
systems of 


concrete units for 
underground 
Consolidated Edison, Long 
Island Lighting, New York 
Telephone Co. and other 
New York State public 


Utilities. 














Only Kalman's crews 
lay Kalman heavy duty concrete 
floors. These are highly skilled teams, 
backed by 36 years’ experience in lay- 
ing over 250,000,000 square feet of 
concrete. This “know how” pays divi- 
dends in longer floor life and low 
maintenance! 

WRITE FOR FREE BOOKLET! 
KALMAN FLOOR CO., INC. 
110 East 42nd Street, New York 17, N. Y. 
Boston - Charlotte - Chicago - Cleveland - Dayton - Detroit 
Houston * Los Angeles - Philedelphic - Son Francisco 
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Literature Available 


WELDED GRATING—A new type of 
open steel welded grating is announced in 
a 24-page “Open Steel Grating and Stair 
Tread Catalog.” It is fully illustrated 
and complete with engineering data, 
charts, and a safe load table for welded 
and diamond riveted grating. Klemp 
Metal Grating Corp., 1371 North Branch 
St., Chicago 22, Ill. 


RoApD RECLAMATION Metuop—A 24- 
page booklet, giving detailed information 
on an economical method of road re- 
building using existing materials in worn- 
out roads, has just been made available. 
rhe profusely illustrated book gives a 
step-by-step procedure for reclaiming 
bituminous and gravel roads and streets, 
plus useful production data, rock hard- 
ness charts, cost estimates and actual job 
Contractors, state, county or city 
officials, or any person actually engaged 
in road rebuilding, can obtain a copy of 
this booklet, titled, ““The Athey Method 
of Reclaiming Worn-Out Roads."" Athey 
Products Corporation, 5631 West 65th St., 
Chicago 38, Ill. 


costs 


WATER STORAGE IN ELEVATED STEEL 
l'ANKS— Modern water storage in elevated 
steel tanks is the subject of a 20-page 
brochure With some 50 installation 
photographs, the bulletin presents data on 
five types of elevated steel tanks. In- 
cluded for each type is a table which 
gives tank dmiensions and other data for 
the various sizes available. A section of 


the brochure is devoted to accessory 
equipment. New tanks for old towers and 
foundations also are discussed briefly. 


Pittsburgh-Des Moines Steel Co., Neville 
Island, Pittsburgh, Pa. 


Scraper Linge—A_ booklet on the 
scraper line produced by the company, has 
just been released. It will be of particular 
interest to heavy equipment men in the 
construction and mining fields. There 
are more than 20 illustrations, including 
photographs of actual working conditions 
and drawings showing the particular 
features of “Cat’’ scrapers. Ask for 
Form No. 30375. Caterpillar Tractor Co., 
Peoria, Ill. 


LUBRICATION & MAINTENANCE GUIDE 
The revised 4th edition of the compaay’s 
lubrication and maintenance guide for 
contractors’ equipment has just come off 
the press. Called “Lubrication & Main- 
tenance Guide for Contractors and Allied 
Equipment,” this handy pocket-sized 
booklet contains 96 pages of up-to-date 
information on the lubrication and main- 
tenance of equipment for quarries, crushed 
plants, sand and gravel plants, 
asphalt plants, and ready-mixed concrete 
suppliers, in addition to contractors’ 
equipment. Gulf Oil Corporation, Gulf 
Refining Co., 719 Gulf Bldg., Pittsburgh 
30, Pa. 
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AUTOMATIC 
Sewage Regulators 

















Fig. B-19 


Automatic Sewage Regulators control 
sewage flows either by partially or 
completely cutting off such flows to 
suit head or tail water conditions or 
by “‘governing™ to discharge a pre- 
determined quantity regardless of 
head or tail water conditions. 


Descriptive Bulletins and Engineering 
Data Available Upon Request 


BROWN & BROWN, INC. 
LIMA, OHIO, U. S. A. 











BUILDERS’ 


ANC 


ENGINEERS’ 
INSTRUMENTS 


SOLD*RENTED* REPAIRED 
DAVID WHITE TRANSITS & LEVELS 
LUFKIN TAPES AND RULES 
DIETZGEN LEVELING RODS & SUPPLIES 


Exclusive 
NEW ENGLAND DISTRIBUTORS for 
SOKKISHA ENGINEERS’ TRANSITS 


TELESCOPE: 
23 power. Internal focus. 
1.15" effective aperture. 


VERTICAL CIRCLE: 
4\"' dia. with vernier read- 
ing to 1 minute. 


LEVELING HEAD: 
Shifting Center. 4-screw 
base. 31/2" dio. —8-thread. 


HORIZONTAL LIMB: 
5%" dio. with 2 verniers 
reading to | minute 








Model T. J. 10 
As low os $495 
Complete with 
Tripod, Carrying 
Case ond 
Accessories 


A precision transit . . . accurate 
and durable . .. fills every need 
of Engineers ond Builders. 


Good used instruments bought, sold & traded 


CARL HEINRICH 


COMPANY 


677 BEACON STREET 
BOSTON 15, MASS 
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PROCEEDINGS 
AVAILABLE 





The printed as 


following papers, 
Proceedings Separates, may be ordered 
on the basis of summaries. given in this 
and previous issues of CrviL ENGINEER- 


ING. Discussions of these papers will be 
received, as in the past, for a period of 


Summarized in Earlie: Issues 


128. Horizontally Curved Box Beams, by 
Charles E. Cutts. 


129. Analysis of Arch Dams of Variable 
Thickness, by W. A. Perkins. 


130. Underground Corrosion of Piping, by 
R. A. Brannon. 


131. The Allegheny Conference— Planning 


in Action, by Park H. Martin. 


132. Specifications for Structures of a 
Moderate Strength Aluminum Alloy of High 
Resistance to Corrosion, Progress Report of 
the Committee of the Structural Division on 
Design in Lightweight Structural Alloys. 


D-66. Discussion of Paper, Lateral Forces 
of Earthquakes and Wind, by a Joint Commit- 
tee of the San Francisco Section of ASCE, and 
the Structural Engineers Association of North- 
ern California. 


D-79. Discussion of Paper, Stage Predic- 
tions for Flood Control Operations, by Ralph 
E. King. 


D-80. Discussion of Paper, Mississippi 
River Valley Geology Relation to River 
Regime, by Harold N. Fisk. 

133. Uplift in Masonry Dams: Final Re- 


port of the Committee on Masonry Dams of 
the Power Division, 1951. 


134. Solution of an Hydraulic Problem by 
Analog Computer, by R. E. Glover, D. J. 
Herbert, and C. R. Daum. 


135. Application of Electronic Flow Rout- 
ing Analog, by Max A. Kohler. 


136. Steady-State Forced Vibration of 


Continuous Frames, by C. T. G. Looney. 


D-75. Discussion of Paper, Base Course 
Drainage for Airport Pavements, by A. Casa- 
grande and W. L. Shannon. 


Model Tests 
Ball. 


D-76. 
Using Low-Velocity Air, by 


Discussion of Paper, 
James W. 


five months following the date of issue. 
A summary of each paper appears in 
several consecutive issues; other titles will 
be added every month, as they become 


available. Use the convenient order 
form on page 284. 

Third Notice 
137. Construction of the Delaware 


Memorial Bridge, by Homer R. Seely. 


138. The Value and Administration of a 
Zoning Plan, by Huber Earl Smutz. 


139. Nonlinear Electrical Analogy for Pipe 
Networks, by Malcolm S. Mcllroy. 


140. 
Areas, 


Irrigation Water Rights in the Humid 
by Howard T. Critchlow. 


141. Effect of Entrance Conditions on 


Diffuser Flow, by J. M. Robertson and 
Donald Ross. 
D-86. Discussion of Paper, Ground-Water 


Phenomena Connected with Spreading, by 
Paul Baumann 


D-87. Discussion of Paper, Sewage Rec- 
lamation by Spreading Basin Infiltration, by 
Ralph Stone and William F. Garber. 


D-92. Discussion of Paper, Experimental 
Investigation of Fire Monitors and Nozzles, 
by Hunter Rouse, J. W. Howe, and D. E. 
Metzler. 


to avoid unwanted duplication. 


tember 30, 1952, without charge. 
combination of both. 


5. Discussions of each paper, 





Standin: 
at the fol 


orders for all Separate 
annual rates: 


established annual subscription rates. 


Cloth binding... ... 





INSTRUCTIONS 


1. Papers are to be ordered by serial number. 


2. Any ASCE member may order a total of 40 copies of papers during the fiscal year ending Sep- 
These may be duplicates of the same paper, separate papers, or a 


3. Members’ accounts will be charged at 25¢ each for orders exceeding 40 copies in a fiscal year. 
Charges for excess copies or for subscriptions will be included on the 1953 dues bills. 


4. Non-members of the Society may order copies of Procegpincs papers by letter with remittance 
of 50¢ per copy; members of Student Chapters 25¢ per copy. 


with author’s closure, also will be published as a Separate and 
must be ordered in the same manner as other Separates, except that no charge will be made for the 
discussions of a paper previously ordered. The order form wil! list available discussions of papers. 
Discussi will be ed to agree with the basic paper. 


, lachetoe their Di i 
“of ASCE, $5.00, members of "Stedent 2. $5.00, non-members, 
$10.00, plus foreign postege charge of $.75, libraries, $5.00. 


TRANSACTIONS. All PROCEEDINGS papers, with discussions, will be included in TRANS- 
ACTIONS. Annual volumes of TRANSACTIONS will continue to be available at the currently 


nn. 5n660000 660 006006000860000006 


Ge 000000059050 040600es0eseres ee 


D-96. Discussion of Paper, Surface Curves 
for Steady Nonuniform Flow, by Robert B. 
Jansen. 


Discussion of Paper, Forced Vibra- 
Edward 


D-100. 
tions of Continuous Beams, by 
Saibel and Elio D'Appolonia. 


Third Notice 


142. Unconfined Ground-Water Flow to 
Multiple Wells, by Vaughn E. Hansen. The 
purpose of this paper is to clarify the nature of 
unconfined flow to single and multiple wells, 
and to present a method of solving problems 
associated with this type of flow. The effect 
of the capillary fringe on the location of the 
free surface and the form of the flow patterns, 
the zone of validity of the Dupuit equation, 
the shape of the free surface near the well, and 
the variation in the stream-surface spacing 
are all discussed. A functional relationship 
independent of the radius of influence is es- 
tablished, relating the variables at the well, 
this relationship applies to both single and 
multiple wells. A fundamental dimensionless 
parameter consisting of a ratio of Froude's to 
Reynolds’ number is formulated that character- 
izes the shape of the cone of depression 
around a well. The concepts of well efficiency 
and effectiveness are clarified and guides are 
presented for their correct use. (Available 
September 1.) 


143. Electrical Analogy in Problems of 
Three Dimensions, by P. G. Hubbard and S 
C. Ling. Engineers whose work includes the 
design of low-loss transitions of air-condition- 
ing systems, water-supply systems, or hydrau- 
lic outlet works will be particularly interested 
in the experimental methods and typical re- 
sults presented in this paper. The principles 
involved are analogous to those of the flow 
net or relaxation methods already used for 
two-dimensional work, but the requirements 
or symmetry about one axis are removed. An 
inexpensive, versatile tool of high accuracy is 
the result. (Available September 1.) 


Please keep record of Separates you have ordered 


eat, may be entered 





To Members To Non-Members 
oo oan $18.00 


17.00 
16.00 
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144A. 

144B. Aerodynamic Stability of Suspen- 
sion Bridges, Progress Report of the Advisory 
Board on the Investigation of Suspension 
Bridges. The aerodynamic forces which act 
on a bridge in the wind, and the occurrence of 
resonance of the motion, depend on the ve- 
locity and direction of the wind and the size, 
shape, and motion of the bridge. The ampli- 
tude of oscillation depends on the strength, 
variation, and duration of wind forces and the 
energy storage capacity and damping of the 
structure. The remaining unknown factor 
is supplied by a test that relates the motions of 
a dynamic section model to a properly scaled 
wind. Means are discussed of designing a 
bridge which will be safe against objectionable 
oscillation in the wind. Because of its length 
(63 pages), this paper is rated as two Pro- 
ceedings-Separates, and priced accordingly 
(Available September 1.) 


145. Torsion of I-Type and H-Type Beams, 
by John E. Goldberg. Beginning with a re- 
view of pure torsion and torsion bending of I- 
type and H-type sections, the basic differ 
ential equation is obtained for the twisting of 
such sections. The stresses resulting from 
twist—namely, the simple torsional stresses 
and longitudinal and shearing stresses due to 
warping restraints—are discussed from the 
engineering standpoint. Particular solutions of 
the differential equation are obtained for 
various warping conditions at the ends, and 
it is shown how these solutions are combined 
to formulate and analyze various problems, 
including that of a framed floor panel. (Avail- 
able September 1.) 


146. Electrical Analogies and Electrical 
Computers: Surge and Water Hammer Prob- 
lems, by Henry M. Paynter. This paper 
describes the basis for the application of elec- 
trical-hydraulic analogies and electronic analog 
computers to problems in hydraulic transients 
Water hammer studies in a uniform pipe and 
surges in a simple tank are discussed in some 
detail. In addition to promoting understand- 
ing of the underlying phenomena of unsteady 


flow, analog techniques are demonstrated as 
furnishing formulas capable of practical ap- 
plications. (Available September 1.) 


147. The Delaware Memorial Bridge: De- 
sign Problems, by Charles H. Clarahan, Jr., 
and Elmer K. Timby. One of the major sus- 
pension spans thus far constructed, this 
bridge emphasized the need for knowledge of 
the behavior of such structures in order that 
maximum economy in design may be attained. 
The provisions for torsional resistance in this 
bridge include a double lateral system. De- 
sign specifications are discussed in some de- 
tail. The solutions to problems inherent in the 
particular foundation conditions encountered 
are explained. Correlation of the design with 
model tests has proved helpful and these tests 
are being continued. (Available September 
1.) 


D-84. Discussion of paper, Longitudinal 
Mixing Measured by Radioactive Tracers, by 
Harold A. Thomas, Jr., and Ralph S. Archi- 
bald. The original paper, published in Aug- 
ust 1951, presented a method of determining 
the magnitude and effect of horizontal mixing 
in pipes and tanks as available to the engineer 
through the use of radioactive tracers. Dis- 
cussers are: Conrad P. Straub and Donald A. 
Pecsok, Alfred C. Ingersoll, Harold A. Thomas, 
Jr., and Ralph S. Archibald. (Available im 
mediately.) 


First Notice 


148. Bank Stabilization by Revetments and 
Dikes, by Raymond H. Haas and Harvill E. 
Weller. Aggravated by wide variations of 
hydrographic and physiographic elements, the 
problem of bank stabilization on the Lower 
Mississippi River has been found to be ex- 
tremely complex. The solution of the problem 
is not wholly a matter of applying hydraulic 
formula nor is it simply a proposition of adopt- 
ing structural design that has proved success- 
ful elsewhere. This paper presents the prob- 
lems encountered and the evolution in the de- 
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sign of structures employed to modify the 
primitive stream for the purpose of securing 
effective flood control and navigation. (Avail- 
able October 1.) 


149. Industrial Waste Treatment in lowa, 
by Paul Bolton. Problems involved in the 
handling of industrial wastes contain phases 
peculiar to a given region, but many such 
problems are common experience everywhere 
As in most of the states, this question has been 
of major concern for a number of years in 
Iowa, and is presented herewith to a larger 
audience as a challenge toward more general 


ized solutions. (Available October 1.) 


150. East St. Louis Veterans Memorial 
Bridge, by A. L. R. Sanders. Some of the 
problems encountered in designing this bridge 
were of particular interest and importance 
Their solution and the design procedure in 
connection therewith are explained. The canti- 
lever river span is believed to be the longest 
of any span crossing the Mississippi. The 
AASHO specifications were departed from in 
the design of compression members and in de- 
termination of the wind load requirements on 
long spans. Other special features in the de- 
sign were the bridge shoes, the floor beam 
hangers, and provisions for the lateral bending 
of floor beams. (Available October 1.) 

151. Topographic Mapping in Kentucky, 
by Phil M. Miles. Modern methods of topo- 
graphic mapping have been employed in an un- 
usually extensive cooperative program between 
the Commonwealth of Kentucky and the 
United States Geological Survey. This paper 
describes the historical and technical facts 
which determined the techniques and speci- 
fications used. Use of the equipment and the 
filing and distribution of topographic data 
with emphasis on the value of by-products, is 
explained. The work in Kentucky is of par- 
ticular interest to engineers or state officials 
considering topographic mapping in their own 
state. (Available October 1.) 


152. Methods for Making Highway Soil 
Surveys, by K. B. Woods. Important devel- 
opments and refinements in methods for mak- 
ing highway soil surveys include the use of 
agricultural soil-survey maps, certain types of 
geologic maps, and air photos. Resistivity 
methods and seismic methods are useful for 
obtaining additional detailed information. 
Knowledge of geology, pedology, and aerial 
photography is important in interpreting the 
data obtained from these sources. The future 
need for specialists, trained in the new tech- 
niques. is foreseen as applying particularly to 
soils sections of the larger highway depart- 
ments. (Available October 1.) 


153. Characteristics of Fixed-Dispersion 
Cone Valves, by Rex A. Elder and Gale B 
Dougherty. This paper reports the results ob- 
tained from field tests on five Howell-Bunger 
type valves that have been installed by the 
Tennessee Valley Authority. A usable method 
is described for obtaining accurate discharge 
ratings with a minimum discharge through the 
valves. Rating curves and discharge coef- 
ficients are given. The results of measure- 
ments of the air required to vent these valves 
are supplied and the effects of the dissipating 
structures that surround the valves lead to the 
formation of ideas of the mechanics of air ce- 
mand. (Available October 1.) 


September 1952 e¢ CIVIL ENGINEERING 


o-zazianeacea = 











lify the 
securing 
(Avail 


n Iowa, 
in the 
Phases 
yY such 
ywhere 
as been 
Cars in 
larger 
eneral 


‘Moria! 
ot the 
bridge 
tance 
ure in 
canti 
ongest 

The 
om in 
in de- 
nts or 
mw de 
beam 
nding 


ucky, 
topo- 
n un- 
ween 

the 
yaper 
tacts 
peci- 
1 the 
lata 
ts, is 
par- 
cials 
own 


Soil 
‘vel- 


1ak- 


wl 





Professional Services 


Listed alphabetically by states 





EWIN ENGINEERING 
CORPORATION 
Design and Construction 
investigations, Reports, Appraisals, Esti- 
mates and Management Surveys, Port 
Facilities, Foundations, Industriel Plants, 
Idges and Structures. 
P. ©. Box 361 Mobile 3, Ale. 





PALMER & BAKER, INC. 
Consulting Engineers and Architects 
Tunnels — Bridges Highweys—Air- 
ports—-Industria! Buildings —- Harbor 
Structures—Vessels, Boats, & Floating 
Equipment—Soils, Material & Chemical 

Laboratories 
New Orleans, La. 


Mobile, Als. 
Houston, Texas 


Washington, D. C. 





JOHN S. COTTON 
Consulting Engineer 
Hydroelectric, irrigation, water supply, 
end multiple purpose projects, flood and 
erosion control, river basin development 
planning, dems and their foundations, tun- 
nels, marine structures, valuations, rates. 


28 Brookside Drive, San Anselmo, Calif. 





DAMES & MOORE 
Soil Mechanics Engineering 
General Offices 


816 West Fifth Street 
Los Angeles 17 


Regional Offices In 
Los Angeles . Sen Francisco . Portland 
Seattle . New York 


KIDDER & THOMA 
Cadastral Engineers 
Larae Scale Cadastral Surveys 
Riparian Rights, Boundery Locations 
Preparation for Trial of Suits 
Consultations 
Joseph C. Thoma 
4811 Blesden Avenue, N. W. 
Washington 11, D. C. 





DUVAL ENGINEERING & 
CONTRACTING CO. 


General Contractors 
FOUNDATION BORINGS 
For Engineers and Architects 
Jacksonville Floride 





RADER ENGINEERING CO. 


Water Works, Sewers, Refuse Disposal, 
Ports, Harbors, Flood Control, Bridges, 
Tunnels, Highways, Airports, Traffic, 
Foundations culgine, Reports, 


Se 





1615 duPont Building Miami, Florida 


ALVORD BURDICK & HOWSON 
Charles B. Burdick 
Louis R. Howson Donald H. Mexwell 
Consulting Engineers 
Water Works, Sewerage, Water Puri- 
fication, Sewage Treatment, Flood Relief, 
Power Generation, Drainage, Appraisals. 


20 North Wacker Drive, Chicago 6, Ill. 





JENKINS, MERCHANT & NANKIVIL 
Consulting Engineers 
Municipal Improvements Sewerese 
Power Development Water Systems 
Traftic Surveys ndustriel Plants 
Flood Control Recreational Facilities 
Airports Investiaations and Reports 
805 East Miller Street 
Springtield, Illinois 





STANLEY ENGINEERING 
COMPANY 


Consulting Engineers 


— Drainage — Electric Power 
ae yO Industria! Rate Studies 
Sewerage — Valuation — Waterworks 


Hershey Building, Muscatine, lowe 





HAZELET & ERDAL 
Consulting Engineers 
Bridges — Foundations 
Expressways — Dems — Reports 
Monadnock Block 
Chicago 
403 Commerce Bidg., | ame 
Dixie Terminal Bidg., 





EUSTIS ENGINEERING COMPANY 
FOUNDATION AND SOIL 
MECHANICS INVESTIGATIONS 
Soil Borings Laboratory Tests 
Foundation Analyses Reports 

3635 Airline Highway 
New Orleans 20, Le. 





WHITMAN REQUARDT 
AND ASSOCIATES 
Engineers 
Sewerage and Water z 
Industriel and —_—= 
Reports — Designs — “Specifications _ 
upervision 
1304 St. Paul Street, Saltimore 2, Md 


ems, Al 
ints and 





ROBERTSON & ASSOCIATES 
Consulting Engineers 
Bridges—Structures, —Foundations 
Industrial Buildings & Facilities 
Highway Planning 
Investigations—Designs—Reports 
Baltimore, Md. Richmond, Ve. 





CRANDALL DRY DOCK 
ENGINEERS, INC, 
oto oe Docks, Floating Dry Docks, 
Docks, Shioyards, 
y 3. Facilities 
Investigation, Reports, 
Supervision 


238 Mein St., Cambridge 42, Mass. 


Design, 





IRVING B. CROSBY 
Consulting Engineering Geologist 
faveriastiogs and Foundations 
Dams, Reservoirs, Tannen. 3 
oan 


Non-Metallic is 
6 Beacon Street 
Massachusetts 








INTERNATIONAL 
ENGINEERING COMPANY, INC. 
Engineers 
Investigations —Reports— Design 
Procurement—field Engineering 
Domestic and Foreign 
74 New Montgomery St. 

Sen Francisco 5, California 





MAURSETH & HOWE 
Foundation Engineers 
Airports, Highways, Tanks, and 
Structures 


Offices and Eastern 
Associate: 


Laboratories 
8953 Western Ave. George R. ty 
Los Angeles 47, Calif. Newark, N 


CONSOER, TOWNSEND 
& ASSOCIATES 
Water Supply, Sewerage, Flood Control 
& Drainage, ay = Express Highways, 
Paving, Power lants, Appraisals, Re- 
ports, Traffic Studies, Airports, Gas and 
Electric Transmission Lines 


351 East Ohio Street, Chicago 11, Ill. 





DeLEUW, CATHER & COMPANY 
Consultin Engineers 
rensportation, Public Transit and 


ic 
Industrial Plants, Grade Separations, 
Railroads, Subways, Power Plants, 
Expressways, Tunnels, Municipal 
Works 
150N.WackerDrive, 79 McAliisterSt. 
Chicago 6, Ill. San Francisco 2 





KAISER ENGINEERS 
Division of Henry J. Kaiser Company 
ENGINEER - CONTRACTOR 
investigations - Reports - Valuations 
Design - Construction 
Twinoeks 3-4600 
1924 Broadway Oskland, Calif. 


GREELEY AND HANSEN 
Engineers 
Semuel A. \. Groiev Paul E. Langdon, 
Thomas M. Niles, ——- V. Hill, 
e 
Water Supply, Water Purification, Sewer- 
age, Sewage Treatment, Refuse Disposal, 
ndustrial Wastes 


220 S. State Street, Chicago 4, Ill. 





CLYDE AND ASSOCIATES 
Consulting Civil Engineers 


Soil and Foundation Engineering 
Asphalt Mix Design and Control! 
Airport Runways and Pavement Design 


3405 Piedmont Avenue 
Oakland 11, Calif. 





O. J. Porter & Company 
CONSULTING ENGINEERS 


Altports—H ys—Dems 
Foundation — Swsbihectien — Pavements 


3757 Wilshire Bivd., Los Angeles, Calif. 
516 Sth St., Sacramento, Calif. 











HARZA ENGINEERING COMPANY 


Consulting Engineers 


L. F. Herze 
E. Montford Fucik Calvin V. Davis 


Hydro Flectric Power Projects 
Transmission Lines, System Management, 
Dams, Foundations, Herbor Structures, 

Soil Mechanics 


400 W. Madison St., Chicago 6, Ill. 
SOIL TESTING SERVICES, INC. 





Foundation Borings 
Field and Laboratory Tests of Soils 
Analyses and Reports 
Soil Testing Apparatus 


USE THIS 
PROGESSIONAL CARD 
DIRECTORY 


Participation is restricted to 


consulting engineering firms 
operated or controlled by members 
of the 


American Society of Civil Engineers 


Your card should be among them. 
Write Today For Rates. 





Additional Professional Cards 





4520 West North Avenue 
Chicago 39, Ill. 


On Pages 286 and 287 
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> “iat.  FREDERIC R. HARRIS, inc. | on 
| A. L. ALIN - Comsat Engineer | js, | THE PRELOAD COMPANY, INC. M 
DUFFILL ASSOCIATES, INC. Consulting Engineer Foundations, sett Mechanics, Industrial | E p dD 
c » 7 5927 N. 24 St. Plents, Won swelv. A Conwel, ngineers in Prestressed Design 
onsulting Engineers Nebraske irports. ighweys. ges, Power, 
Cushe, 7a & Industria! Wome You SN. 211 East 37th Street 
80 Boylston St., Boston 16, Mass. William Steet New Y: 
Dems, Hydroelectric Power 
ae jie Trust Bids. “Filledtoii a 
| | Femy _ 
| | SP sen ig mann gmt 7 
FAY, SPOFFORD & THORNDIKE | EDWARDS, KELCEY AND BECK HOWARD, NEEDLES, TAMMEN & SEELYE STEVENSON VALUE 
ngineers | Consulting Engineers BERGENDOFF & KNECHT Des 
Charles M. Spof a W.H eys— Reports —£ — 
John ave = L. Lincoln te — Pa Consulting Engineers Consulting Engineers Pla 
Bion A. Bowman withen tC Hylend | Supervision — Management — Port and | Bridges, Structures, Foundations Manufecturing Plents 16 
Conoll A. yo 1 eeene 2 Williams Herber Werte—tqraiecie—-Exremconn Express Highweys —- —— Ne 
ridges « justrie! Pients -— Fa — t = i i “ 
Faw syeply and Sewerage Works Bri ee e N | ornare Mechanical Ch 
Port and Terminal Works, Airports 3 William Street 250 Park Avenue | 921 Weinut Street 55 Liberty Street 101 Park Ave., New York 17, N. Y. 
New York | Newark 2,N.J. New York 17,N.¥. | Kansas City 6, Mo. New York 5, N. Y. -_ 
| 
A 5 TTS-ABBETT 
JACKSON & MORELAND eee ~~ ASOGATED KN APPOCCARTHY SEVERUD-ELSTAD-KRUEGER - 
Engineers and Consultants o. & Vane & Co, Engineers Consulting Engineers 
Consulting Engineers Ports, Harbors, Flood Control Irrigation 
~~ end Somten of Coemmeates PE LT Sa Power, Dome 5 Bridges, Tunnels, Structure! Design—Supervision—Reporns wi 
Mechine D ee re 5 kde Foundations —Stabilization—Pavements | Scteuet, Airports nwo Foundations Buildings—Airports—Special Structures Le 
a eee 415 Frelinghuysen Ave., Newark 5,N.J. Water Supply, Seweren , Reports, Ch 
Boston New York | 79=Ninth Ave., New York 11, N.Y. Design, Supervision, Consultation 415 Lexington Ave., New York 17,N.Y. — 
| 62 West 47th Street, New York City Cc 
was & EDDY | CHARLES DOHN, P. E. | LEGGETTE & BRASHEARS ame . BAILLIE - 
ngineers | onsulting Engineers . 
Investigations Be rts Design Appointments Invited Consulting Ground Water Geologists Ole Singsted David G. Baillie I Hi 
a | of Construction Weter Supply, Salt Water Problems, Tunnels, Sebweys " Tr 
oa @ \pperaton Mail Inquiry Only Dewatering, Recharging, Investigations, Foundations, Parking 
8 Laboratory Reports. Investigations, Reports, Design, 
ey hy * 70-41 67th Place, Glendale, L. i, N.Y. | 551 Filth Avenue, New York 17, N.Y. Specifications, Supervision s 
24 State St. New York 4, N.Y, 
AMMANN & WHITNEY | MORAN, PROCTOR, MUESER — 
BENJAMIN S. SHEINWALD Consulting Engineers | 4a a FREDERICK SNARE CORPORATION — 
| Design — Construction Supervision | Consulting Engineers ‘ 
Antitectnd Canvchients Bridges, Buildings, Industrial Plants, Foundations for Buildings, Bridges and Heber kg egy satel es 
vs Special Structures, Foundations, | Dams, (nee, Bulkheads, Marine Struc- Dene, Decks end Feundetinns _— 
Engineering Projects Airport Facilities tures, Soil Studies and Tests, Reports, ° 
Design—Supe-vision—Reports Empressweys | Design and Supervision. 233 gt “ty 
420 L Ave., New York 17, Santiago, ivan, P. R. 
85 South Street, Boston 11, Mass. L Ninth oa = ge "1, ch eee N. Y. Havena, Cubs Lime, Peru 
| 724 E. Mason Street, Milwaukee 2, Wis. _AP. Cor. 614, Caraces, Venezuele Bogota, Colombie Caracas, Venezuele 
| i « - 
| CLINTON L. BOGERT ASSOCIATES | PARSONS, BRINCKERHOFF 
Clark Arial Survey Corporation Consulting Engineers HALL & MACDONA D. B. STEINMAN 
Cust Eogert et er . Engineers 
T —Moseics— ° eis ‘obert incoin = ie ; ; 
ee Doneid M. Ditmers_ Arthur P. Ackerman Seaton, Cran, Renate, Hie. Connfiing Eagincer 
Water and Sewage Work: | ieee Pe Works BRIDGES 
E. W. Clark, President = + pee ae See Dams, Canals, Power Projects, Design, C lon, Investigation, & 
Industrial Build Housi esign, Construction, Investigation, Re- 
45075 N. Temitorial Rd Plymouth, | 624 Madison feenme. Now York 22, Soourne and ‘Water ou ports, Strengthening, Advisory Service 
ae | 51 Broadway New York 6,N.¥. 117 Liberty Street, New York 6, N. Y. 
rn cn Bit. le 
| BOWE, ALBERTSON & ASSOCIATES ee Jonny orga 
BLACK a VEATCH Engineers ivil & Senitary Engineers 
Cc hine E Water and Sewage Works Malcolm Pimie 1 Emest W. Whitlock oe 46 
onsuhting Engineers Industrial Wastes—Refuse Robert D, Mitchell Carl A; Arenander | ENGINEERING CORPORATION 
Woter—Sewang—Elerictyindunry | ager Mania Proc soutien 
esign vag of Canes. ienore—D et ay ey _ danny Design, Construction, Reports, Appraisals 
. ee Valuations—Laboratory Service fe and Cperstions 
47 K _ | 110 William St., New York 7, N. Y, ppraisa tes Eighty Broad Street, New York 4, N. Y. 
eoceseme = ae Gao 6, Me 25 W. 43rd Street, New York 36, N. Y. 
BURNS & McDONNELL oonaes Se ee we oe co. JAMES M. CAIRD 
Consultin d Designing E Cae Weter + sy a Established 1898 
a Sugenren, Biden, Apart. Parkweys | Trunk Main Surveys ,~ roe os a — 
lesign. Supervision of Construction Weter Distribution Studies emist and Bacteriologist 
Kansas City 2, Mo. Cleveland 14, Ohio Investigations, Reports Wores i Specie! | Water Anal 
P.O. ’ . y. | raulic Investigations Tests of Filter Plants 
©. Box 7088 1404 E. 9th St 730 Fifth Avenue New York 19, N.Y New York, 50 se. C Bullding, Troy, N. Y. 
SVERDRUP & PARCEL, INC. HARDESTY & HANOVER ALEXANDER POTTER ASSOCIATES ‘Additional d 
Consulting Engineers Consulting Engineers Consulting Engineers Pp f | Cc d d 
Bridges, Structures and Reports Long Spen and Movable Bridges, Han- ro essiona aras b 
Industriel and Power Plant over Skew Bascule, Grade Eliminations, Water Works, Sewerage, Drainage. Ret- U 
Engineering Foundetions, Other Structures, Super use Incinerators, Industriel Wastes, City On The 
Syad Trust Bidg., St. Louis 1 vision, Appraisals, and Reports Planning ‘ e 
220 Bush Street, Francisco 4, Ca | 101 Park Avenue, New York 17,N. ¥. | 50 Church Street, New York 7, N. ¥. Preceding Page a 
s| 
Cc 
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MODJESKI AND MASTERS HUNTING, LARSEN & DUNNELLS 
INC More and More Members Censutting Engineers Gagincene is cella 
FM . & NSO 
Soci 1 Industriel Plants — Werehouses — Com- 
of the Society G. H. Randall JR, Giana | Socal Detidinne—Ghedl end Weteboreed | Conevitine end Destanine Ensineer 
Cc. W. Hanson H. J. Engel C S = gning Eng 
are using this Service Design and Supervision of Construction ee  ——— 
esign @ ain ae Paine o Reports 1226 Bull St., Columbia 1, S. C. 
Is Your Card Here? ee. uctures end 1150 Century Bidg., Pittsburgh 22, Pe. 
535 Fifth Ave. State St. Bidg. 
New York, N. ¥ Harrisburg, Pe. 
THE AUSTIN COMPANY MORRIS KNOWLES INC. WHITE, GUYTON AND BARNES 
E [ & FRIEL, INC. Engineers Consulting Ground- Water Hydrologists 
Design — Construction — Reports Consulting Engineers Ground-Water Supplies 
Plant Location Surveys—Domestic & Frencis S. Friel Water Supply end Purification Eveluetion, Planning of New Develop- 
Foreign W. Water, Sewage par Industriel Weste Squsmeas and Sewase +. ments, Operational and Maintenance 
16112 Euclid Avenue, Cleveland, Ohio | problems, Airhields, Refuse Incinerators, " ae aes Seed wy He ee 
New York Detroit Oakland | Dams, Flood Control, Industrial Buildings, Well lesedference end: Other Ground: 
Chicego Houston Seattle | City Planning, Reports, Valuetions— 1312 Park Bidg., Pittsburgh 22, Pe. Water Problems. 
Y. kes Angues a... ae 307 W. 19th St, Austin 1, Texas 
— HAVENS AND EMERSON : : one Tel, 71-7165 
A. A barge FC. Toles FW. Jones JUSTIN & COURTNEY CASE ARGGAME, HK. 
W. L. Leech H. H. Moseley Conndiinn Guinan Retest Genie GREER & MCCLELLAND 
> 5. Joel B. Justin Neville C. Courtney Surveys—Design—Supervision Consulting Foundation Engineers 
ort Water, Sewerage, Garbage, Industrie! Domestic ond Foreign Sendainns a 
ear} pe A et Powess Problens Industrials and Utilities oo ~~ eng ~ 
- Le les so —vwu 
_ Leeder Bide, o. nvapinent golworth Bidy i. ~-* ~~ 412 Weshington Stest, Reding, Po. | core drilling. rod sme 
.Y Cleveland - 
eit 121 S. Broad St., Philedeiphie 7, P 2649 N. Main Houston 9, Texas 
a= ones FLEMING goesony . 98 Greenwood Ave., Montclair, N. J 
i 4 MICHAEL BAKER, JR., INC. 
ISBURG, PA. G. G. GREULICH The Beker Engineers LOCKWOOD & ANDREWS 
by Penmy Sewage. & Industrial Wastes Consulting Engineer Civil Engineers, Planners, and Surveyors Consulting Engineers 
he. se ‘eds, Airports, Investigations, Reports, Advice. Airports—Highweys—Sewege Dispose! : 
fee sfc Coaat Ch fms: | Siepemcmwre. is, | Sema taer inte: | oh Me, ene 
» . . fot Bulkheads, Piers, ation—City Plenning—Municipel Engi- ‘ical & Electrical 
tions & Reports. Be All T f Sa Mechanical & Electrice 
Branch Offices idge Decks, Bank Vaults. Tame’ Ofte Ofice: ‘Rochester a4 Reports—Design—Supervision 
en ; ee ' Pittsburgh, Pe, | 1346 Connecticut 778 Osage Road Surveys ~ Valuations 
¥. Te = ly S.A ; Washington 6, D.C. Pittsburgh 16, Pa. | Jackson, —" _ ar Ps. | Corpus Christi- Houston — Victoria, Texas 
1N " ~ - ms eS. — ee 







By STANG WELLPOINTS 





i. provide temporary dry- 
docking facilities for the dredge boat 
“Colorado”’ at Needles, California, 
the U. S. Bureau of Reclamation 
Engineers used the dredge itself to 
dig the basin, and Stang Wellpoints 
to dewater it and keep it dry. The 
method was to excavate the basin, 









back dredge out, build dike, install o < YB, 

Stang Wellpoints and dewater. Then ae Ot tia, - ie 

the dredge foundation was built, ae. A : sa 
dike breached, basin flooded, wy ee ad OE Nie 0. 
dredge floated ‘into position. “The mall photo: Bree toning inte penton (ndiated by matters mater) ore foundation, fr 
dike was then plugged, and the “in the dry.” 

basin again Stang-dried. This un- JOHN W STANG CORPORATION 


usual installation is another proven 
example of how Stang engineers 
and equipment solve tough con- 
struction problems and lower costs. 


Engineers and Manufacturers of Dewatering Equipment 
8221 Atlantic Avenue, BELL, CALIF. 2123 S. 56th St.,. OMAHA, NEBRASKA 
P. O. Box 631, Telephone: Logan 5-7421 Telephone: Walnut 7796 
NEW YORK CITY 4, N. Y. 
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Abrams Aerial Survey wpen eee 277 
Acker Drill Co.,Inc. . . . Teen ee ee ee 
Aero Service Corporation . tea wee eee 207 
Albert Pipe Supply Co.,Inc. . 2... «1 es ew we ee + 278 
Allied Structural Steel Companies... .....+++ %‘F 
Allis-Chalmers Manufacturing Company. . . soe oe 6 CR 
American Association of State Highway Officials ececc se 
American Bitumuls & Asphalt owe ocgweeeen ss 
The American Brass Company ek 2 oe 194 
American Bridge Company . 203 
American Lead Pencil Company . 265 
American Pipe & Construction Co. . 3 
American Steel & Wire Company . , ° 8 and 9 
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Bates & Rogers Construction Corporation . ....... 215 
Bethlehem Steel Comp ose s ae 
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The Commercial Shearing & Stamping Co.. ioe ee 6 @ EO 
Complete Machinery & Equipment Co. . . ...... . 280 
Concrete Reinforcing Steel Institute .......... 209 
De Long Engineering & Construction Co.. . . .... =... 235 
Dravo Corporation . . ae ee - 10 and 11 
Drilled-In Caisson Corporation. een ee ee 
Eagle Pencil Company. o« 33 
Eastman Kodak Company 236 and 237 
Ebasco Services, Inc.. a. ea 254 
The Eberhard Faber Pencil Co. Sees 6s 6 ee ee 
Economy Forms Corp. . . too me 
Economy Pumps, Inc., Div. of c. H. Wheeler fa. Co. ose © 
Electric Fish Screen Corperation se ee a a’ 
H. K. Ferguson Company . . Tere ore 
The Flexible Road Joint Machine ‘Co. cease eetes es Eee 
Foley Brothers, Inc. . . . seen eee eee 1 
PVCU UES Gs en ecccveesncsescs« Ae 
L. B. Foster Co.. . . . <> & ok ee Oe 
Foundation Equipment Corperetion ye: eo ee Oo. oe 
oS ee ee 19 
Gardner-Denver Company. . . . 2. 2 6 se ee ee 4 
General Electric Co.. oe ée . 28, 192 and 193 
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S. J. Groves & Sons Company. ........+.+.+.+- 265 
Gunite Construction Company ........ 5.5 ++ 273 
MEME Sh Gb eve eeccucesvsccos oe 
Hardinge Co.,Inc. . . . ‘ iba. + 6-6 oe eee ee 
Dewees ectscevaweeasnecees Oe 
Hyster Company . oe poet ee en ee OE 
Infileo, Inc... oie «6 6 6 6 a & of 6's em Be 
International Geophysics, Ine. i ae eek ee 271 
International Harvester Company 14 ond 15 
Irving Subway Grating Co.,inc.. 2. 2. 2 1 1 ee et ee BY 
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Kalman Floor Company . - » 282 
Keuffel & Esser Co.. . . « - ‘ - 22 and 23 
The Kinnear Manufacturing Co. . 216 and 217 
Wm. F. Klemp Company . 247 
Koppers Company, Inc. 261 
Laclede Steel Company . . . . 243 
Layne & Bowler, Incorporated. 210 
Leupold & Stevens instruments. ° 275 
Lockheed Aircraft Corporation 253 
Lock Joint Pipe Company. ‘Ath cover 
Lone Star Cement Corporation 32 
MacArthur Concrete Pile Corp .... + 6s 28) 
Mason & Hanger Co., Inc. : at 244 
The Master Builders Co. . ° ° 3rd cover 
Mayo Tunnel & Mine Equipment. 263 
Moretrench Corporation . . ° 208 
National Blue Print Co . 280 
National Clay Pipe thanslecterers tne. ° 24 
Naylor Pipe Company. 250 
The Osgood-General Excavator Co. . 205 
Pacific Car and Foundry ered 271 
The Permutit Company. ° 199 
Phoenix Bridge Company .. . 280 
Pittsburch-Des Moines Steel Co. . 232 
Portland Cement Association 223 
Precast, inc. . 2 2 ec oe oe 282 
Pressure Concrete Company 280 
Price Brothers Company . 27 
Proportioneers, Inc. . . . 242 
Raymond Concrete Pile Co.. . 2nd cover 
Saverman Bros., Inc.. * ‘ oeote OO 
Servicised Products Corporation . ‘ 264, 270 and 279 
Simplex Valve & Meter Corporation . ‘ 246 
S. Morgan Smith Company. . . 26 
Solvay Process Division, Allied Chemical & Dye Corporation 263 
Sonoco Products Company . : 227 
Spencer, White & Prentis, Inc. 274 
Sprague & Henwood, Inc. 279 
John W. Stang Corporation. 287 
Stock Construction Corp. . 262 
Stressteel Corporation .... . . 262 
Superior-Lidgerwood-Mundy Corporation . 18 
Symons Clamp & Mfg. Co. . ° é 239 
Tennessee Coal & Iron Division 8, 9, 240 and 241 
The Texas Company 2.2.22 6 2 es ee eee ee 212 
Timber Structures, Inc. . hee 267 
Frederick Ungar Publishing Co. 265 
U. S. Pipe & Foundry Company . hoe eh ee 
U.S. Steel Company ... . 8, 9, 240 and 241 
U. S. Steel Export Company 8, 9, 240 and 241 
Universal Concrete Pipe Co. oeee eevee ean es See 

Universal Eng. eet Div. of Pettibone Mulliken 
Corporation . ° $e cee ed tb 6 ew 6 6 
Universal Form Clamp 245 
V & E Manufacturing Co.. 262 
Viber Company . 248 
Wallace & Tiernan Products, Inc. 263 
Warren Foundry & Pipe Co. . . 276 
Wayne Crane Division, American Steel Dredge ‘Company 273 
Western Foundation Corporation . . . . «s+ s+ s+ we @ 219 
Western Waterproofing Co. 275 
David White Company . . ° 252 
Henry Wild Surveying nstrement Supply Co. 279 
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200 
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Office and Warehouse Lo-Heet Stainless Steel Co., Los Angeles, 

Calif Archt Engr K. Bardizbanian; Gen'!. Contr Van 

W agoner-Swan, Inc.; Pozzolith Ready-Mixed Concrete supplied by 
Consolidated Rock Products Co.—all of Los Angeles, Calif 


p READY- 


MIXED eee Better, 
Faster, in Tilt-Up Construction... 


reports general contractor 





| ozzolith* Ready-Mixed Concrete is helping builders overcome the 
oroblems encountered in tilt-up construction. 


Well-known Los Angeles general contractor Van Wagoner-Swan, Inc., 
writes: 
“In the construction of our tilt-up concrete units, we have 
found that Pozzolith definitely decreases shrinkage and 
the cracking which results from this shrinkage. 


“Pozzolith also increases the strength of concrete, allowing 
us to shorten the time materially between casting and lifting. 
The decrease in water content with Pozzolith eliminates 
crazing of surface.” 


Whatever your concrete requirements, Pozzolith will enable you to 
obtain them at lower cost than by any other means. 


Full information and Pozzolith booklet sent upon request. 


*Pozzolith — the cement-dispersing, water-reducing agent which makes available 
ihe optimum amount of air in concrete. Developed by The Master Builders Co. in 
1933. Contains calcium lignosulfonate as the basic ingredient. Added to concrete 
mix at mixer. 
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IF YOU’RE FROM ANY OTHER 
PART OF THE COUNTRY EAST 
OF THE ROCKIES ... our three other 
permanent pressure pipe plants located 
at Wharton, N. J.; Detroit, Mich.; and 
Turner, Kansas, stand ready to provide 
for your complete Reinforced Concrete 


IF YOU’RE FROM THE SOUTH... 
specifically Virginia, North Carolina, South Caro- 
lina, Georgia, Florida, Alabama, Mississippi, Ken- 
tucky or Tennessee . . . our plant at Columbia, South 
Carolina, is ready and waiting to serve you. This Co- 
lumbia plant, the fourth of our up-to-date permanent 


pressure pipe manufacturing yards, is equipped to pro- 
duce Lock Joint Prestressed Concrete Cylinder Pipe in 
diameters from 16” to 48”, designed for any pressure 
common to water works practice. The plant’s central 
location in the Southeast makes it possible to deliver 


Pressure Pipe requirements. All these 
plants are equipped to manufacture the 
most carefully designed modern Con- 
crete Pressure Pipe in a large range of 
standard diameters, and have facilities 


the completed pipe speedily and economically through- to handle any contract however large 


out this area. or small. 


SCOPE OF SERVICES—Lock Joint Pipe Company specializes in the manu- 
facture and installation of Reinforced Concrete Pressure Pipe for Water Supply 
and Distribution Mains 16” in diameter or larger, as well as Concrete Pipes of 
all types for Sanitary Sewers, Storm Drains, Culverts and Subaqueous Lines 


Established 1905 
P. O. Box 269, East Orange, N. J. 
PRESSURE PIPE PLANTS: Wharton, N. J., Turner, Kan., 
Detroit, Mich., Columbia, S. C. 
BRANCH OFFICES: Casper, Wyo. * Cheyenne, Wyo. * Denver, Col. * Kansas 
City, Mo. * Valley Park, Mo. * Chicago, Ill. * Rock Island, Ill. * Wichita, Kan. 
Kenilworth, N. J. * Hartford, Conn. * Tucumeari, N. Mex. * Oklahoma City, 
Dkla. * Tulsa. Okla. * Beloit, Wis. * Hato Rey, P. R. * Caracas, Venezucla 











irge 





